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PREFACE. 


'^HE   reception   accorded   previous  efforts,   and  the  letters   of  encouragement 
received   by   the   Author  from   correspondents   in  all  parts  of  the  world, 
encourages  him  to  hope  for  a  similar  reception  for  this,  his  latest  work. 

These  "  Lectures "  were  originally  delivered  to  the  Students  of  various 
Plumbing  and  Building  Construction  Classes,  also  to  Architectural  and  Engineering 
Students,  at  the  Polytechnic  (Regent  Street,  London),  and  elsewhere,  and  to 
Sanitary  Officers  at  the  Sanitary  Institute. 

Published  subsequently  in  the  "  Plumber  and  Decorator,"  they  are  now 
collated  and  re-published  in  book  form  to  meet  queries  constantly  addressed  to  the 
Author.  For  them  no  claim  is  made  to  literary  merit,  but  the  great  aim  throughout 
has  been  to  deal  with  the  simplest,  as  with  the  most  intricate  questions,  in  a 
practical  manner,  and  in  language  that  could  be  understood  by  Students  of  every 
grade,  whether  connected  with  the  Plumbing  or  the  allied  professions,  at  school 
or  in  practice. 

There  are,  of  course,  many  details  of  Plumbing  Work  which  are  not  treated 
in  the  present  book.  These  will,  however,  be  fully  dealt  with  in  a  Second  Volume, 
some  two  years  hence. 

Experience  in  the  past  shows  that  practitioners  of  standing  and  repute  are 
still  "students,"  and  to  such,  whether  Plumbers  or  Sanitary  Engineers,  who  do 
not  believe  they  already  "know  it  all,"  this  book  is  dedicated  by 


THE  AUTHOR. 

London,  ^ 
February,  1893. 
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LECTURES    TO  PLUMBERS. 


ON  METALS. 


A PURE  metal  is  a  simple  body,  or  element 
which  cannot  be  divided  into  any  number 
of  substances  different  from  its  original  nature. 
For  instance,  nothing  but  gold  can  be  extracted 
from  gold,  tin  from  tin,  lead  from  lead,  and  so 
on.  But  there  are  compounds  of  metals  which 
can  be  divided  into  their  component  parts.  Ores 
are  metallic  compounds  which  have  to  be 
divided  to  separate  the  pure  metal  from  other 
matters  which,  although  useful  from  a  chemical 
point  of  view  for  other  purposes,  would  be  con- 
sidered impurities  where  a  metal  is  required  to 
be  free  from  them. 

On  looking  through  the  list  of  metals  found 
in,  or  on,  the  earth's  crust,  we  find  only  five  that 
are  of  much  interest  to  the  plumber.  These  are 
lead,  tin,  zinc,  copper  and  iron.  With  the 
exception  of  copper,  none  of  these  ores  are  found 
in  a  metallic  condition,  but  in  combination  with 
other  substances  which  have  to  be  separated 
from  the  metals.  Below  is  a  table  of  the 
principal  ores  and  their  compounds  : — 


Metal.  Symbol.  Ore. 
Lead     Pb  Galena 

Tin       Sn  Tinstone 
Zinc      Zn  Blende 

Copper  Glance 
Copper  Pyrites 

I  Magnetite 


Copper  Cu 


Composition, 
Lead  and  Sul- 
phur. 
Tin  and  oxygen. 
Zinc   and  Sul- 
phur. 

Copper  and  Sul- 
phur. 
Copper,  Iron, 
and  Sulphur, 

Iron  and 
Oxygen. 
Haematite  Iron  and 

Ojcygen. 

The  above  is  only  a  very  brief  list  of  the 
various  ores.  The  reader  is  urged  to  buy  Mr. 
Bloxam's  book— "  Metals,"  which  contains  a 
very  good  description  of  the  principal  metals, 
and  their  extraction  from  ores,  besides  giving 
other  useful  information. 


Iron  Fe 


It  is  the  physical  properties  of  the  various 
metals  which  lead  us  to  choose  those  most 
suitable  for  various  purposes  in  the  building. 
As  an  instance,  lead  would  not  do  for  girders, 
or  any  use  where  hardness  and  tenacity  are 
necessary.  Iron  possesses  these  properties  to  a 
much  higher  degree  than  any  of  the  metals 
under  discussion.  By  a  peculiar  treatment  of 
the  iron,  by  which  it  is  converted  into  steel,  the 
above  properties  can  be  nearly  doubled.  But 
by  no  known  means  can  lead  be  hardened  to 
such  an  extent  as  to  be  useful  in  the  same  way 
as  iron.  But  lead  can  be  hardened  by  adding 
another  metal — antimony — but  this  would  be 
called  an  alloy,  a  name  given  to  a  mixture  of  two 
or  more  metals.  And  then  again,  the  specific 
gravity  of  iron  is  so  much  less  than  lead,  that 
the  iron  has  an  advantage  where  lightness  is 
necessary.  Below  is  a  table  of  tenacity  and 
malleability  of  the  five  metals  under  discus- 
sion : — 


Tenacity. 

Malleabilit). 

Iron   

•273 

Copper. 

18 

Tin. 

,  2 

Lead. 

Tin  

.  li 

Zinc. 

.  I 

Iron. 

The  table  of  tenacity  is  intended  to  show  the 
relative  power  of  resistance  the  metals  have  to 
being  torn  asunder.  If  an  iron  wire  of  a  certain 
size  will  sustain  a  weight  of  27^  lbs.  before 
breaking,  one  made  of  lead  and  the  same  thick- 
ness would  support  only  i  lb.  Tin  is  a  very 
little  stronger  than,  and  zinc  is  about  twice  as 
tenacious  as  lead.  The  malleability  of  a  metal 
depends  a  great  deal  on  its  tenacity,  coupled 
with  softness.  The  list  shows  the  iron  to  be  the 
least  malleable,  although  the  most  tenacious. 
Lead  is  about  mid-way  in  the  list,  and  copper 
is  shown  to  be  the  most  malleable,  that  is,  the 
copper  has  such  softness  and  tenacity  as  to  be 
capable  of  being  rolled  into  thinner  sheets  with- 
out breaking  than  any  of  the  other  metals.  Gold 
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and  silver  are  still  more  malleable,  and^;^"J^^ 
rolled  or  hammered  into  sheets  so  th>"^hat  a 
slight  puff  of  air  will  blow  them  away.  Gold  is 
S  in' this  state  for  gilding  objects  sud  as 
,nouldings,  figures,  picture  frames,  and  or  s  n 
writing.  Another  comparative  table  is  given 
be"ow  showing  the  relative  ductility  of  the  five 
metals  ; — 

Iron. 

Copper. 

Zinc. 

Tin. 

Lead. 

Here  we  have  a  table  which  will  be  found  to 
agree  with  that  of  tenacity,  thus  showing  that 
those  metals,  the  atoms  of  which  present  the 
g  ea  est  resistance  to  being  torn  asunder  can 
be  drawn  to  a  finer  or  thinner  wire  than  the 

°''in  addition  to  the  three  Physical  properHe^^ 
that  have  been  mentioned  there  is  lustre  or 
the  power  of  reflecting  rays  of  hght.  AH  the 
metals  under  discussion  have  this  power  to  a 
greater  or  lesser  degree,  but  they  are  so  readily 
Iffected  by  the  oxygen  in  the  air  that  they  soon 
become  covered  with  an  oxide  of  the  metal  and 
?ose  their  brightness.  Of  all  the  metals,  gold^as 
the  greatest  power  of   resistance   to  bein„ 

tarnished  by  oxygen.  crravitv 
A  table  is  given  below  of  spec  fic  gravity 
(another  physical  property  of  metals).  Thi^  is 
intended  to  show  the  weights  of  the  metals  in 
comparison  with  an  equal  bulk  or  body  of 
distilled  water  at  a  temperature  of  60  degs.  a. 

Lead   - 

Copper    9      •••  .^J 

iron     7  4-5  .••  84 

Tin    7t     •■■  I 

Zinc    71-7-  714 

Plumbers  are  interested  in  this  table^  as  it 
teaches  them  a  lesson  worth  knowing.    When  a 
plumber  is  using  a  pot  of  solder   he  will  see 
from  the  table  the  necessity  of  keeping  Uie 
contents  well  stirred  and  mi-xed.    If  this  is  not 
Se,  every  time  a  ladleful  is  taken  ou  of  the 
pot  the  metal  will  become  poorer  in  tin,  and 
SSre  difficult  to  work.    The  tin  wiU  swim  so 
to  speak)  on  the  top  and  get  used  first,  leaving 
a  too  great  percentage  of  lead.    Zinc  will  swini 
on  the  top  of  the  solder,  and  if  care  is  exercised 
U  can  be  skimmed  off,  but  as  its  specific  gravity 
is  very  little  less  than  tin,  the  tin  would  be 
skimmed  off  at  the  same  time.    A  better  way 
?or^xtracting  zinc  from  solder  will  be  given  at 

^  Fus^bility^  is  considered  a  physical  property 
of  metals.    Below  a  table  is  given  :— 

Tin           melts  at    ...     442  degs.  F 
Lead                     —     ^'7  » 
Zinc             »          •••     773  .1 
•Copper         „         ...    1990  „ 
Iron  (cast2__,^____::i_^78o__,j^  

TA^WxitTcTti.  difficult  to  a.certain  Iho  fu.ing  point  of 

ItlRtuU. 


Fusibility,  or  the  property  of  becoming  liquid 
when  sufficiently  heated,  plays  an  important 
nart  in  the  use  of  the  various  metals. 

Zinriead,  and  tin  can  be  melted  over  an 
ordinary  fire   but  the  other  metals  require  a 
much  greater'  heat.    Some  of  the  above  metals 
Xn  alloyed  in  certain  proportions,  fuse  at  a 
lesser  degree  of  heat  than  the  metals  by  them- 

'^At  a  degree  of  heat  less  than  inelting  point 
some  of  the  metals  are  very  hrittl^,  but  at  a 
lesser  degree  still  they  are  rendered  more 
r^Xablef  and  that  is  why  Pl^.-bers  wUl^hea 
lead  pipes  when  making  bends  in  them.  Metals 
becoiJless  tenacious  when  heated  b^t  to  a 
certain  degree  they  become  tougb^r  so^hat 
they  will  sometimes  stretch  before  breaking 
when  a  pulling  power  is  exerted.  Nearly  all 
metals  expand  when  heated. 

In  addi?ion  to  physical  or  natural  properties 
metals  can  combine  with  other  matter,  and^his 
constitutes  what.  is.  commonly  called  chemical 

^'cKvgen  has  a  chemical  affinity  for  nearly  all 
,he  mSs.  Expose  any  of  }hem  to  a  damp 
atmosphere,  or  immerse  them  in  water,  and  ttieir 
smfacS  will  oxidize;  that  is,  enter  into  combina- 
tion wUh  oxygen,  and  become  what  we  common  y 
call  tarnished.  Of  the  grosser  "i^ta  s  tm  wUi 
resist  this  action  of  oxygen  the  most  .  hence  its 
value  for  coating  some  of  the  other  metals. 

Tin-plate  is  sheet-iron  «>ated  with  tin  C,al 
vanised-iron  is  iron  coated  with  zinc.    But  for 
E  protection  iron  will  sometimes  entrre^  lose 
its  metallic  properties  and  become  nothing  but  a 
red  dust  or  powder. 

Oxygen  attacks  lead  very  slowly.    After  he 
surface  has  become  covered  ^.th  oxide  the 
action  is  retarded,   so   that  a  P'^ce  of  lead 
exposed  to  the  air  will  last  hundreds  of  years, 
^Svided  the  oxidised  surface     not  removed 
Those  metals  which  oxidise  by  exposure  to  the 
ifwiU  more  readily  combine  with  oxygen  when 
exposed  to  heat.    As  an  ^P^^P^,^' ^^^^^^^ 
bars  soDn  become  what  is  called  buint  out. 
Lead  hea"edto  redness  will  be  converted  into 
i?oss,  that  is,  oxide  of  lead     This  is  known  by 
the  name  of  lithaige.    The  yellow  form  of 
itharge  is   sometimes   called   massicot.  Still 
funS  heating  of  the  litharge   it  is  converted 
into  minium,  or  red-lead,  used  as  a  dners  lor 
p  ;rnt  or  as'a  cement,  when  mixed  with  white- 
lead  and  oil,  for  joints  to  iron-pipes. 

Ceruse  or  white  lead,  is  another  chemical 
compound  onead,  oxygen,,  and  carbonic  ac^^^^ 
Lead-pipes  that  have  been  in  contact  with  I  me 
iTa  ^dlnp  situation  will  be  found  to  be  much 
affected  by  carbonic  acid.     Lead  coffins  some 
times  have  holes  eaten  through  the  lead  by  le 
same  gas.    Holes  are  frequently  ound  in  un- 
rentna?ed  soil-pipes  and  traps  ansmg  ^om 
<:-iine  cau3»     The  white  lead  of  commerce  is 
arbonaTe  of  lead,  ground  and  - w.Ui  oil 
to  a  stiff  paste.    White  lead  is  manufactuied  py 
exposing  S  sheets  of  the  metal  to  the  fumes 
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of  acetic  acid  formed  by  weak  vinegar,  con- 
tained in  vessels  surrounded  by  tan  in  a  state  of 
fermentation.  This  raises  the  temperature  of 
the  chamber  and  its  contents,  and  accelerates 
the  formation  of  the  gas  and  carbonisation  of 
the  _lead.  There  is  a  more  modern  way  of 
making  white  lead,  which  is  reported  to  be  not  so 
dangerous  to  the  health  of  the  workers,  but  up 
to  now  this  is  a  trade  secret.  There  is  a 
chemical  action  takes  place  between  some  of 
the  metals,  which  is  sometimes  known  as  a 
galvanic,  and  sometimes  as  voltaic  action. 
Moisture  is  necessary  for  this  action  to  set  up. 
Lead  and  iron  form  a  galvanic  couple  in  which 
one  of  the  metals  will,  in  time,  gradually  dis- 
appear. Let  my  reader  look  at  the  base  of  any 
old  iron  railings  that  have  been  fixed  to  stone 
with  metallic  lead.  In  a  great  many  cases  the 
iron  will  be  found  to  have  entirely  disappeared 
near  the  lead.  Expose  a  piece  of  tin  plate 
(which  is  iron  coated  with  tin)  that  has  been 
scratched,  to  a  moist  atmosphere,  and  in  time 
the  iron  will  entirely  disappear.  In  the  case  of 
a  piece  of  galvanised  iron  similarly  treated,  it 
is  the  zinc  that  will  be,  what  is  commonly  called, 
eaten  away.  The  soldered  seam  of  a  soil-pipe 
will  often  be  eaten  through,  and  the  lead  itself 
scarcely  affected.  The  edges  of  the  soldered 
angles  in  a  lead-lined  wooden  cistern  will  often 
be  found  to  be  full  of  holes,  and  very  probably 
by  the  galvanic  action  set  up  between  the  metals. 
In  the  case  of  lead-cisterns,  some  waters  are 
found  to  act  on  the  lead  more  than  others. 
Waters  that  are  very  pure  and  highly  aerated, 
or  those  containing  an  excess  of  carbonic  acid, 
are  very  injurious  to  lead.  Water  from  sewage 
readily  attacks  lead,  but  hard  waters  generally 
do  not  affect  it  to  any  serious  extent.  Although 
lime  \yill  readily  attack  lend  a  solution  has  the 
opposite  effect,  and  to  a  certain  extent  protects 
the  lead  from  corrosion.  Lead  will  resist  the 
action  of  sulphuric  acid  (oil  of  vitriol)  more 
than  any  of  the  other  grosser  metals,  hence  it  is 
much  used  for  lining  vitriol  chambers. 

Muriatic  acid  (spirits  of  salts)  has  very  little 
effect  upon  metallic  lead.  Strong  nitric  acid 
attacks  lead  to  a  limited  degree,  but  when  the 
acid  is  diluted  it  will  readily  dissolve  the  lead. 
Because  of  its  power  of  resisting  the  action  of 
acids,  lead  is  much  used  for  vessels  in  chemical 
manufactories.  Where  of  necessity  these 
vessels  must  be  large,  the  pieces  of  lead  are 
burned  together.  If  soldered  together  the  acid 
would  destroy  the  soldering.  Sometimes  this 
burning  is  called  autogenous  soldering,  and 
consists  of  uniting  the  edges  of  the  sheets  of 
ead  by  melting  them  together.  This  is  done 
by  means  of  a  machine  for  generating  hydrogen 
gas,  and  an  air  bellows  with  the  necessary 
tubing,  &c.,  so  arranged  that  air  and  gas  mixed 
in  proper  proportions,  and  aided  by  a  blast,  will 
burn  with  sufficient  heat  to  melt  the  lead.  Ad- 
vantage IS  taken  of  the  chemical  action  of 
diluted  sulphuric  acid  upon  zinc,  for  making  the 
hydrogen  gas.     The  dilute  acid  consists  of 
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hydrogen,  sulphur,  and  oxygen.  Zinc  being 
added  to  this  compound,  takes  the  place  of  the 
hydrogen,  which  is  set  free  and  collected  in  a 
chamber,  whence  it  is  conveyed  to  the  flame- 
jet  by  indiarubber  tubes,  the  escape  of  the  gas 
bLing  regulated  by  a  cock.  The  chemical 
formula  of  the  above  chemical  action  is 
H-SO*-fZn  =  ZnSOHH-.  Iron  wire  can  be 
used  instead  of  zinc.  Fe-l-H-SO*  =  FeSO*-fH  ,. 
The  student  plumber  may  perhaps  have  noticed 
when  killing  spirits  that  the  escaping  gas  will 
burn  if  a  light  is  applied  to  it.  This  is  also 
hydrogen  gas.  The  spirits  of  salt  is  called 
hydrochloric  acid  by  the  chemist.  In  this  case 
the  zinc  and  chlorine  combine,  and  set  the 
hydrogen  free.  Nitric  and  hydrochloric  acid 
when  mixed  are  called  aqua  regia,  and  will  dis- 
solve gold.  Neither  of  these  acids  will  do  this 
alone. 

The  principal  metal  used  by  plumbers  is  lead, 
the  Latin  name  for  which  is  "  Plumbum,"  hence 
we  get  the  title  of  "  plumber,"  a  worker  in  or  of 
lead. 

There  are  several  ores  containing  lead,  but 
there  are  only  two  which  contain  it  in  sufficient 
quantity  to  extract  the  metal  in  large  quantities, 
VIZ.,  "  Galena,"  or  sulphide  of  lead,  and 
"  Cerussite,"  or  white  lead  ore,  or  carbonate  of 
lead.  The  Galena  is  composed  principally  of 
lead  and  sulphur,  and  the  Cerussite  of  lead, 
oxygen,  and  carbonic  acid.  These  are  the  chief 
impurities  which  have  to  be  removed  from  the 
lead  ores,  so  as  to  get  the  metal  in  a  pure  state. 
Antimony  is  sometimes,  and  silver  nearly 
always,  found  in  lead  ores.  The  principal  lead 
mines  in  England  are  in  Cornwall,  Derbyshire, 
and  Cumberland.  Lead  is  also  found  in  Flint- 
shire, Scotland,  and  the  Isle  of  Man.  The  ores 
are  first  sorted  by  hand,  then  broken  or  crushed 
to  small  pieces.  They  are  then  washed  to 
remove  any  earth  and  to  dissolve  some  of  the 
other  impurities,  As  sulphur  will  not  dissolve 
in  water,  it  has  to  be  expelled  from  the  lead  by 
heat.  This  operation  is  conducted  in  different 
ways  in  different  localities,  but  the  principle  is 
nearly  the  same  in  all  cases,  and  consists  of 
roasting  the  prepared  ores  in  a  kind  of  oven, 
called  a  reverberatory  furnace.  The  ores  are 
spread  over  the  hearth,  and  flames  from  a  fire 
at  one  end  of  the  furnace  pass  over  the  ores.  A 
quantity  of  unconsumed  air  passes  through,  with 
the  flames,  the  oxygen  of  which  combines 
partly  with  the  lead  forming  oxide  of  lead,  and 
partly  with  the  sulphur,  forming  sulnhurous  acid, 
which  passes  away  as  a  vapwur'  The  whole 
operation  of  smelting  lasts  about  five  hours. 
For  the  first  hour  and-a-half  the  heat  is  kept  very 
low.  For  the  second  hour  and  a  half,  the  tem- 
perature is  brought  to  a  bright  red  heat,  and 
sometimes  a  little  quicklime  is  added  to  assist 
the  fluxing,  so  as  to  convert  the  slag  into  a 
liquid  state,  and  thus  allow  the  lead  to  more 
readily  drain  away.  For  the  next  hour  the  heat 
is  raised  to  a  higher  temperature,  and  more  lime 
thrown  in,  and  for  the  next  hour  it  is  raised  to 
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its  highest  temperature.  The  molten  metal  is 
then  allowed  to  flow  out  of  the  "taphole"  into 
an  outer  basin,  where  logs  of  wet  wood  are 
sometimes  let  down  into  it,  which  causes  the 
lead  to  appear  as  if  it  was  boiling.  This  opera- 
tion assists  the  lead  to  separate  itself  from  any 
impurities,  which  being  of  lighter  specific 
gravity  than  lead,  rise  to  the  surface  and  can  be 
skimmed  off.  The  lead  is  then  cast  mto 
pigs. 

When  lead  contains  much  antimony,  which 
renders  it  very  hard,  it  has  to  be  softened  in  the 
calcining  or  improving  furnace.  This  is  a 
reverberatory  furnace  with  a  low  arch,  and  with 
a  cast-iron  pan  fixed  on  the  hearth.  The  hard 
lead  is  first  melted  in  a  separate  pot,  and  then 
ladled  into  the  cast-iron  pan,  which  is  first  heated 
to  a  dull  redness,  where  it  is  exposed  to  the 
action  of  the  oxygen  brought  in  with  the  flames, 
thus  causing  the  impurities  to  be  converted  into 
oxides.  These  collecting  on  the  surface  are 
skimmed  off  at  intervals. 

At  a  white  heat  lead  evaporates,  and  the 
fumes,  which  are  oxide  of  lead,  are  caught  in  the 
flues  from  the  furnace,  the  flues  being  specially 
constructed,  and  of  great  length,  for  that  purpose. 
Lead  expands  very  much  when  heated,  but  does 
not  always  contract,  on  cooling,  to  its  original 
bulk. 

Lead  is  sent  into  the  market  in  the  form  of 
pigs  or  ingots  weighing  about  i  to  ijcwt.  each. 
These  pigs  are  bought  by  the  manufacturers 
who  make  them  into  sheets  and  pipes  in  the 
forms  required  for  the  plumber  to  use. 

Tin  is  much  used  by  the  plumber,  but  is 
generally  alloyed  with  some  other  metal.  For 
example,  with  lead  as  solder,  with  copper  in  the 
form  of  cocks  and  valves.  Tin  is  also  much 
used  for  coating  sheet-iron  to  protect  it  from  the 
action  of  the  oxygen  in  the  air,  tin  not  being 
affected  in  the  same  manner  as  iron  m  a  damp 
atmosphere.  Copper  cooking  utensils  should 
have  a  coating  of  tin  to  prevent  any  of  the  copper 
being  dissolved  and  mixed  with  the  food.  Com- 
position tubing,  used  by  gasfitters,  is  an  alloy  of 
tin,  lead,  and  antimony.  Sheet-lead  is  some- 
times coated  with  tin  for  lining  drinking  water 
cisterns,  but  some  authorities  state  this  not  to 
be  a  good  plan.  Pure  tin  pipes  are  sometimes 
—but  rarely  on  account  of  cost— used  for  drink- 
ing water — but  lead  pipes,  lined  with  tin,  have 
been  much  used  these  last  few  years  for  conveying 
drinking  water. 

Zinc  is  a  metal  which  may  be  said  to  be  of 
modern  origin — not  that  it  really  is  so,  but  its 
use  as  a  substitute  for  lead,  for  covering  roofs, 
&.C.,  dates  back  only  about  a  third  of  a 
century.  Zinc  is  now  much  used  for  roofs  on 
account  of  its  lightness  when  rolled  into  thin 
sheets.  It  is  also  used  for  eaves-gutters  of 
houses  and  rain-water  pipes.  For  lining  cisterns, 
for  ornaments,  ventilators,  slating  nails,  bell- 
wire  tubing,  and  also  for  chimney  pots.  This 
last  is  a  very  unsuitable  use  to  put  it  to,  as  any- 
one may  judge  for  himself,  if  he  would  look 
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upwards  when  passing  through  almost  any  street 
in  London,  and  note  their  dilapidated  appear- 
ance. 

Zinc  white,  an  oxide  of  zinc,  is  used  as  a  base 
for  some  paints.  Iron  is  often  coated  with  zinc, 
called  galvanising  it,  to  protect  it  from  rusting. 
Some  authorities  state  that  mpist  air  causes  a 
film  of  oxide  to  form  on  zinc,  which  protects  the 
metal  from  further  action;  but  this  is  open  to 
question,  for  in  cisterns  the  zinc  only  lasts  a  few 
years,  and  on  roofs,  where  no  injury  could 
happen  to  it,  zinc  is  soon  destroyed  by  the 
atmosphere.  On  close  examination  it  will  often 
be  found  that  scarcely  a  bit  of  metallic  zinc  is 
left,  it  having  become  so  highly  oxidised,  or,  as 
we  call  it,  "  perished."  If  in  contact  with  soot, 
the  zinc  loses  its  metallic  properties  much  more 
quickly,  they,  in  the  presence  of  moisture, 
forming  a  galvanic  couple.  There  are  metals 
which,  when  brought  into  contact  with  zinc, 
form  a  voltaic  action,  when  water  is  present, 
aud  which  soon  destroys  the  zinc.  Some 
architects,  acting  on  this  knowledge,  specify 
that  when  lead  gutters  are  laid  and  zinc  flats  to 
discharge  into  them,  that  a  strip  of  felt  shall  be 
placed  to  prevent  the  metals  coming  into  contact. 
Lime  is  destructive  to  zinc,  so  is  also  some 
woods,  such  as  oak,  which  contains  a  strong  acid. 

In  a  very  varied  experience  I  have  found  zinc 
used  for  soil-pipes  and,  I  need  scarcely  add,  full 
of  holes.  Urine  and  the  gases  emanating  from 
sewage  will  soon  corrode  zinc.  In  the  Parkes 
Museum  of  Hygiene,  there  is  a  zinc  trap  that 
was  taken  from  beneath  a  W.C.  and  its  state, 
apart  from  its  unsanitary  shape,  is  proof  that 
zinc  is  a  very  unsuitable  metal  to  use  for  that 
purpose.  There  are  a  great  number  of  people 
at  the  present  time  who  are  using  this  metal  for 
ventilation-pipes  to  drains  and  soil-pipes.  This 
is  to  be  regretted.  Zinc  is  a  very  brittle  metal, 
but  is  rendered  malleable  by  being  heated  to 
about  200  degrees  to  250  degrees  Fahr.,  but  on 
raising  the  temperature  to  about  400  degrees 
Fahr.  it  is  again  made  brittle.  At  a  red  heat 
zinc  takes  fire  and  burns  furiously,  but  at  a 
slightly  less  heat  this  metal  passes  away  as 
vapour. 

When  two  or  more  metals  are  melted  together, 
the  mixture  is  called  an  alloy.  An  alloy  of 
metals  often  presents  entirely  different  proper- 
ties to  either  of  the  constituents.  For  example, 
two  parts  of  copper  and  oneof  tin  melted  together 
and  allowed  to  cool  form  a  very  hard  and  brittle 
mass,  much  harder  than  either  the  copper  or  the 
tin  by  themselves.  Although  the  quantity  of 
copper,  which  has  a  reddish  colour,  e.\ceeds  that 
of  tin,  the  alloy  is  while  in  colour.  This  alloy, 
known  as  speculum  metal,  can  be  so  highly 
polished  as  to  be  useful  as  a  reflector.  Gun 
metal,  which  is  an  alloy  of  about  nine  parts  of 
copper  and  one  of  tin,  is  very  tough  and  hard, 
but  is  not  so  malleable  or  ductile  as  either  of  the 
metals  by  themselves.  Tin  is  much  softer  than 
copper,  but  it  has  the  peculiar  properly  of  harden- 
ing copper.    As  tin  melts  at  a  less  degree  of 
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heat  than  copper,  it  is  necessary  when  making 
an  alloy  to  melt  the  copper  first,  and  then  add 
the  tin.  If  the  tin  and  copper  were  melted 
together,  the  tin  would  be  converted  into  dross 
some  time  before  the  copper  began  to  melt.  As 
copper  and  tin  have  different  specific  gravities, 
it  is  necessary  before  making  a  casting  with  an 
alloy  to  thoroughly  mix  them  by  stirring. 

Brass  is  an  alloy  of  copper  with  zinc.  The 
crucible  in  which  the  mixture  is  melted  has  to 
be  kept  covered  with  charcoal,  otherwise  the 
zinc  will  escape  in  the  form  of  vapour.  Good 
brass  is  tough  when  cold,  but  if  heated  it  is 
rendered  brittle.  Zinc  and  copper  alloyed  in 
certain  proportions  is  sometimes  called  spelter, 
and  is  used  as  a  solder  for  joining  hard  metals 
together.  If  the  metals  to  be  united  by  this 
solder,  commonly  called  brazing,  melt  at  a  low 
temperature,  an  excess  of  zinc  must  be  used. 
This  is  necessary,  as  zinc  melts  at  a  lower  heat 
than  copper,  and  the  alloy  which  has  a  greater 
proportion  of  zinc  melts  at  a  lower  heat  than  one 
in  which  the  copper  is  in  excess.  It  is  im- 
portant that  all  solders  should  melt  at  a  less 
degree  of  heat  than  the  metals  to  be  united;  at 
the  same  time  the  solder  should,  as  nearly  as 
possible,  be  equal  to  the  metals  in  their  physical 
properties  of  tenacity  and  malleability,  &c. 

The  above-named  solder,  commonly  called 
spelter  (which  is  the  commercial  name  also 
applied  to  zinc  in  the  form  of  cakes  or  ingots), 
would  not  do  for  joining  pieces  of  lead  together, 
for  the  reason  that  lead  melts  at  a  less  degree 
of  heat  than  the  spelter,  and  the  spelter  would 
not  nearly  approach  the  lead  in  its  physical 
properties.  For  joining  lead  together  a  solder 
must  be  used  which  is  as  nearly  as  possible  like 
the  lead.  Plumbers'  solder  is  composed  of  two 
parts,  by  weight,  of  lead  and  one  of  tin,  and 
melts  at  from  385  degrees  Fahr.,  to  442  degrees 
Fahr.  Lead  melt  at  608  degrees  Fahr.  to  620 
degrees  Fahr.,  and  tin  at  442  degrees  Fahr.  to 
446  degrees  Fahr.  From  this  it  will  be  seen 
that  an  alloy  of  two  parts  of  lead  with  one  of  tin, 
melts  at  a  lesser  degree  of  heat  than  either  of 
those  metals  by  themselves. 

A  coarse  solder  of  one  of  tin  with  three  of  lead 
melts  at  482  degrees  Fahr.  Fine  solder  for  use 
with  copper-bit  composed  of  two  of  tin  with 
three  of  lead,  melts  at  340  degrees  Fahr.  A 
solder  composed  of  four  of  tin  and  one  of  lead 
melts  at  320  degrees  Fahr. 

Bismuth  is  a  metal  which  melts  at  507  degrees 
Fahr.,  but  by  adding  it,  in  certain  proportions, 
to  any  of  the  above  alloys,  they  are  rendered 
still  more  fusible.  The  solder  used  for  joining 
pewter  together  must  of  necessity  melt  at  a  lesser 
degree  of  heat  than  the  pewter,  which  is  an 
alloy  of  four  parts  of  tin  with  one  of  lead.  To 
render  the  solder  very  fusible,  bismuth  is  added  to 
lead  and  tin  in  the  following  proportions  : — lead 
one;  tin,  one;  bismuth,  two.  This  is  called  "New- 
ton's'- fusible  alloy,  and  melts  at  203  degrees 
Fahr.  Water  boils  at  212  degrees  Fahr.,  so  that 
the  above  solder  can  be  melted  in  boilingwater 
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Oxygen  is  an  element,  very  widely  distributed. 
Water  is  composed  of  two  volumes  of  hydrogen 
and  one  of  oxygen.  The  air  is  composed 
principally  of  oxygen  and  nitrogen.  In  10,000 
parts  by  volume  of  air,  7,900  are  nitrogen,  2,096 
oxygen,  and  four  carbonic  acid.  Most  of  the 
metals  are  found  in  combination  with  oxygen, 
and  it  is  this  gas  which  is  so  destructive  to 
metals.  Not  that  the  metals  are  destroyed,  they 
have  undergone  a  chemical  change,  they  have 
entered  into  combination  with  oxygen,  and  we 
then  know  them  as  oxides  of  the  metals. 
Chemists  can  separate  oxygen  from  metals,  and 
so  reduce  them  again  to  a  metallic  condition. 
Take  a  piece  of  iron  and  leave  it  exposed  to 
moist  atmosphere,  it  will  become  rusty,  as 
commonly  spoken,  and  the  surface  reduced  to  a 
red  dust,  or  scales.  This  dust  is  rubbed  off, 
perhaps  only  by  the  passing  wind,  and  a  fresh 
surface  of  the  iron  is  exposed,  and  is  again 
oxidised  ;  this  again  is  removed,  until  at  last 
not  a  bit  of  the  metallic  iron  is  left.  But  nothing 
is  wasted  by  this  process  ;  there  is  just  as  much 
iron  in  the  world  now  as  there  was  a  thousand 
years  ago.  And  so  of  oxygen  ;  the  only 
difference  is  in  the  degree  of  combination.  As 
stated  in  an  earlier  paper,  oxygen  attacks  lead 
very  slowly.  If  a  plumber  wishes  to  join  two 
pieces  of  sheet-lead,  or  lead-pipe,  together  with 
solder,  he  first  of  all  has  to  remove  the  oxidised 
surface.  The  lead  or  pipe  may  not  have  left 
the  manufacturing  machine  more  than  a  few 
hours,  but  yet  the  lead  has  tarnished,  as  we 
generally  call  it,  not  sufficiently  to  be  very 
injurious  to  it,  but  enough  to  prevent  the  solder 
from  alloying  with  the  surface.  The  plumber 
shaves  off  the  tarnished  surface  where  he  is 
going  to  apply  the  solder,  but  he  finds  the  solder 
will  not  adhere  to  the  prepared  parts,  for  the 
reason  that  in  applying  the  solder  he  causes  a 
thin  film  of  oxide  to  form  on  the  lead.  To 
avoid  this  the  plumber  uses  what  is  commonly 
called  a  flux.  This  is  a  composition  applied  to 
the  parts  to  be  joined  to  prevent  the  air  being 
in  actual  contact  with  and  so  cause  oxidation  of 
them.  The  flux  used  by  plumbers  is  tallow 
(commonly  called  *'  touch "),  which  is  rubbed 
over  the  edges  of  the  sheet-lead,  or  ends  of  the 
pipes,  and  so  acts  as  a  kind  of  varnish  to  protect 
them  from  tarnishing.  The  lead  can  be  shaved, 
and  if  touch  is  then  rubbed  over  the  clean  parts 
no  great  injury  would  occur,  even  if  a  few  hours 
elapsed  before  the  soldereing  was  done,  although 
if  left  for  a  day  or  two  it  would  be  necessary  to 
reshave  the  work  arising  probably  fiom  the 
oxygen  and  other  gases  retained  in  the  touch 
itself.  When  a  joint  has  been  touched,  this  flux 
will  often  spread  beyond  the  prepared  parts, 
and  the  solder  will  tin,  as  it  is  generally  spoken 
of,  on  the  pipe.  To  prevent  this  the  lead  or 
pipe  ends  are  soiled  (called  "smudged"  by 
north-country  plumbers)  a  few  inches  each  side 
of  the  intended  joint.  Composite  candles  act 
as  a  good  flux  for  lead,  but  an  objection  is,  the 
cloth  used  for  making  the  joint  gets  so  saturated 
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with  the  composition  that  some  time  has 
generally  to  be  spent  in  warming  the  cloth  to 
make  it  flexible,  so  as  to  bend  to  the  shape  of 
the  intended  joint.  Resin  is  generally  used  for 
copper  bit  work,  but  touch  should  also  be  used, 
so  that  the  spare  rosin  can  be  wiped  off  the  work 
while  still  hot  from  the  soldering  tool.  If  this 
is  not  done  the  work  looks  dirty  when  finished. 
Resin  is  generally  used  for  tinning  brass-work 
leadyfor  soldering.  Killed  spirits  is  sometimes 
used  for  this  purpose,  but  it  is  not  a  good  plan, 
as  when  making  the  wiped  joint  zinc  gets  into  the 
solder  and  spoils  it  for  working.  For  this  reason 
when  brass-work  is  bought  with  the  ends  ready- 


tinned  the  tinning  should  be  filed  off,  and  the 
parts  retinned,  using  resin  as  a  flux. 

Gallipoli  oil  is  the  flux  used  when  soldering 
pewter.  Borax  for  brazing  iron  or  copper. 
Chloride  of  zinc  (killed  spirits)  is  used  when 
soldering  zinc.  In  this  case  it  is  not  necessary 
to  scrape  or  shape  the  metal,  as  the  acid  removes 
the  film  of  oxide. 

Sometimes  the  hydrochloric  acid  (spirits  of 
salts)  is  used  pure,  instead  of  being  saturated 
with  zinc,  but  the  result  is  the  same,  as  im- 
mediately the  acid  is  applied  it  combines  with  a 
portion  of  the  zinc  and  becomes  chloride  of 
zinc. 
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IN  last  month's  issue  were  given  the  propor- 
tions and  melting  points  of  the  alloys  used 
by  plumbers  for  joining  lead-pipes  and  sheets 
together.  These  alloys  being  known  as  soft 
solders  for  the  reason  that  they  are  used  for 
joining  soft  metals,  such  as  lead,  &c ,  together, 
and  also  because  they  melt  at  a  very  low 
temperature.  I  wish  here  to  add  that  plumbers' 
solder,  composed  of  two  parts  by  weight  of  lead 
^nd  one  of  tin,  is  generally  known  by  plumbers 
as  "metal."  Some  years  ago  the  Plumbers' 
Company  used  to  assay  all  solder  made  in  the 
City  of  London  to  prove  its  quality,  and  then 
when  it  was  cast  into  bars  each  bar  was  marked 
with  the  company's  stamp,  as  a  guarantee  of  its 
quality.  This  solder  was  then  known  as  "  sealed 
solder,"  and  was  in  great  demand  both  for  ex- 
portation and  use  in  other  parts  of  the  country 
besides  London.  The  writer  has  assisted  to 
cast  and  stamp  several  tons  of  solder  after  it 
had  been  assayed  and  tested  by  the  late  master 
of  the  Plumbers'  Company,  Mr.  George  Shaw. 

Hard  Solders  are  used  for  joining  some  of  the 
hard  metals  together.  This  solder  was  referred 
to  in  my  last  paper  under  the  name  of  "  spelter." 
A  soft  spelter  used  for  brazing,  or  hard  solder- 
ing, ordinary  brass  work  together  is  composed 
of  one  part  of  zinc  and  one  part  of  copper,  but 
for  joining  copper  or  iron  together  a  harder 
spelter  is  used,  composed  of  two  parts  of  zinc 
and  three  of  copper.  These  proportions  may 
be  slightly  varied  to  suit  when  brass  is  being 
joined  together.  Some  kinds  of  brass  have  a 
greater  proportion  of  zinc  than  others,  and  it 
follows  that  when  the  zinc  is  in  the  greatest 
proportion  the  spelter  must  also  have  an  excess 
of  zinc  so  as  to  melt  at  a  lesser  degree  of  heat 
than  the  brass  to  be  jomed.  As  an  example, 
ordinary  brass  is  composed  of  two  parts  of 
cooper  and  one  of  zinc.    If  this  alloy  is  made 


ALLOYS. 

very  hot,  but  short  of  redness,  it  becomes  very 
brittle  and  almost  at  melting  point.  If  spelter, 
composed  of  the  same  proportions  of  zinc  and 
copper,  was  used  for  joining  this  brass  together, 
the  whole  would  melt  together  into  an  unshapely 
mass  when  the  necessaiy  heat  was  applied  to 
melt  the  spelter.  Another  kind  of  brass  some- 
times called  ''pot  metal"  is  composed  of  about 
five  parts  of  copper  and  two  of  lead.  This 
metal  is  sometimes  used  for  very  common  taps. 
The  melting  point  of  this  metal  is  very  low,  in- 
deed, some  years  ago  the  writer  was  making  an 
underhand  joint  on  to  a  stop-cock  made  of  pot 
metal,  when  he  melted  a  hole  in  the  cock  by 
pouring  on  plumbers'  solder.  All  alloys  of 
copper  and  zinc  are  known  by  the  name  of 
"  brass,"  but  alloys  of  copper,  zinc,  and  tin  are 
generally  called  "  bronze."  The  bronze  coin  ot 
the  realm  is  composed  of  copper  ninety-five, 
zinc  one,  and  tin  four  parts.  Bronze  for  stop- 
cocks and  valves,  copper  eighty-eight,  zinc  two, 
and  tin  ten  parts. 

Gun  Metal  is  an  alloy  of  copper  and  tin.  As 
stated  in  an  earlier  chapter,  tin  has  the  property 
of  hardening  copper.  A  very  hard  gun  metal 
is  composed  of  copper  five  and  tin  one  part, 
and  a  soft  gun  metal  is  composed  of  sixteen 
parts  copper  and  one  of  tin.  The  proportions 
of  the  constituents  of  an  alloy  have  to  be  varied 
according  to  the  purposes  to  which  it  is  to  be 
put.  In  some  cases  a  hard,  and  in  others,  a 
soft  alloy  is  wanted— or  an  alloy  is  required 
hard  but  not  brittle,  or  it  may  be  wanted  to  re- 
sist wearing  by  friction— or  for  rolling  into 
sheets.  Some  alloys  have  to  withstand  a  ten- 
sile strain.  And  again,  some  alloys  are  re- 
quired to  be  a  particular  c:olour,  and  the  con- 
stituents have  to  be  varied  accordingly.  By 
adding  a  small  proportion  of  phosphorous  to 
gun   metal,   the  alloy    is  called  "phosphor 
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bronze,"  and  is  used  for  special  parts  in  some 
kinds  of  machinery.  It  is  reported  that 
phosphorous  is  a  preservative  against  the  effects 
of  the  atmosphere. 

Bell  Metal  is  a  hard  alloy  of  about  four  parts 
copper  and  one  of  tin.  Sheet  copper  is  some- 
times used  for  sheathing  ships  bottoms,  but  an 
alloy  of  three  parts  copper,  two  zinc,  and 
i-iooth  of  lead  is  now  often  used  instead  of 
copper.  This  alloy  is  known  as  "  Muntz's 
metal "  and  is  so  malleable  as  to  be  easily  rolled 
when  hot,  into  thin  sheets.  An  alloy  of  copper, 
60,  zinc  38"2,  and  iron  r8  is  malleable  when  red 
hot,  and  is  known  as  "Gedges"  metal. 

Babbits  Metal  is  an  alloy  of  copper  four, 
zinc  eight,  and  tin  ninety-six  parts.  It  is  used 
for  bearings  in  machinery.  If  the  bearings  get 
hot  the  alloy  melts. 


Arguzoid  is  a  very  hard  white  alloy,  com- 
posed of  the  following  metals  : — Copper  56, 
zinc  23,  nickel  i2'5,  tin  4,  iron  3'5.  The  writer 
has  used  lavatory  cocks  and  fittings,  made  of 
this  alloy,  which  has  a  very  white,  silvery 
appearance. 

AH  metals  expand  when  heated,  and  contract 
on  cooling,  but  not  always  to  the  original 
dimensions.  This  applies  also  to  most,  but  not 
all,  of  the  alloys.  The  following  alloy  will  ex- 
pand on  cooling  : — Lead  nine,  antimony  two, 
and  bismuth  one  part. 

Good  type  metal  should  not  contract  on 
cooling.  This  metal  is  composed  of  three  or 
four  parts  of  lead,  and  one  of  antimony.  The 
antimony  being  used  to  harden  the  lead.  Some 
kinds  of  type  metal  have  the  above  proportions 
varied,  and  have  a  small  addition  of  tin. 


ON  LEAD 

DURING  this  last  half-century  great  improve- 
ments have  been  made  in  the  machinery  for 
manufacturing  lead  into  the  forms  in  which 
plumbers  use  it.  In  olden  times  both  sheet 
lead  and  pipes  were  cast.  For  pipes  the  lead 
was  sometimes  cast  in  the  form  of  a  sheet 
which  was  then  cut  to  the  necessary  sizes,  folded 
on  a  mandril,  and  then  burnt  together  by 
pouring  melted  lead  on  the  seam  until  the  parts 
to  be  joined  were  fused  together.  These  pipes 
were  not  always  made  round,  sometimes  they 
were  oval,  in  other  cases  square  or  oblong  in 
cross  section.  Small  pipes  were  sometimes 
cast  in  short  pieces,  and  the  ends  burnt  together 
afterwards,  or  after  one  piece  was  made  another 
length  was  cast  on  to  the  end  of  it  in  such  a  way 
that  on  casting  the  second  length,  the  end  ot 
the  first  was  melted  and  joined  to  it.  This 
process  being  repeated  until  a  pipe  of  the 
required  length  was  made.  Another  way  was 
to  cast  a  short  length,  the  bore  being  the  size 
of  the  intended  pipe,  but  the  substance  much 
thicker.  This  was  then  put  on  a  hard  metal 
mandril  and  drawn  through  perforations  each 
one  smaller  than  the  preceding  one,  until  the 
lead  pipe  was  drawn  out  much  longer,  and  the 
substance  reduced.  Another  way  was  to  pass 
the  thick  lead-pipe,  when  cast,  between  groved 
or  fluted  rollers  until  it  was  reduced  to  the 
required  substance.  In  each  case  the  bore  of 
the  pipe  was  kept  the  same  size  by  the  metal 
core  or  mandril  placed  inside. 

Bramah,  the  designer  of  the  W.c.  which  bears 
his  name,  was  the  first  to  invent  a  machine  for 
making  lead-pipes  to  any  length.  The  modern 
machine  for  making  drawn  lead-pipe  is  founded 
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on  Bramah's  principles,  and  simply  consists  of  a 
gigantic  squirt.  Lead  in  a  semi-molten  condition 
being  forced  through  a  die,  with  a  core  in  the 
centre,  and  issuing  in  the  form  of  a  hollow  tube. 
Different  dies  and  cores  have  to  be  used  for 
making  the  pipes  of  different  sizes  and  thick- 
nesses. Soil-pipes  are  generally  made  in  10  ft. 
lengths,  but  most  manufacturers  will  make  them 
12,  14,  or  16  ft.  long  when  they  are  required  to 
do  so.  But  these  are  awkward  lengths  to  move 
about,  they  are  very  liable  to  bend  or  buckle 
and  get  out  of  shape.  Soil-pipes  are  made  3  in., 
3iin.,  4  in.,  4iin.,  5  in.,  and  6  in.  in  diameter. 
The  substance  of  the  lead  for  soil-pipes  can  be 
had  equal  to  sheet  lead  weighing  6,  7,  8,  9, 
and  10  lbs.  per  square  foot.  Soil-pipe  is 
described  as  those  number  of  pounds,  according 
to  the  class  of  work  to  be  done.  The  weights 
are  intended  to  represent  the  lead  as  being  that 
weight  each  superficial  foot,  and  not  that  the 
pipe  should  weigh  that  number  of  pounds  each 
foot  in  length. 

Lead  ventilation-pipes  are  generally  used 
about  a  pound  less  in  substance  than  the  soil- 
pipes.  As  an  example,  where  7  lb.  soil-pipe  is 
used,  the  vent-pipe  would  be  6  lb.,  and  so  on 
for  the  other  weights. 

2  in.,  ij  in.,  in.,  and  li'in.  pipes  are  usually 
made  in  12  ft.  lengths,  but  can  be  had  in  coils 
from  30  to  60  ft.  The  2  in,  is  rarely  made 
longer  than  25  to  30  ft 

I  in.  Jin.  |  in.,  ^  in.,  gin.,  and  i'm.  pipes 
are  made  in  lengths  of  15  ft.  and  coils  from  60 
to  90  ft.  long.  The  substance  and  weight  of 
lead-pipes  should  "be  governed  by  the  purpose 
for  which  they  are  intended  to  be  used. 
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Service-pipes  should  be  stronger  than  waste- 
pipes,  and  waste-pipes  thicker  in  substance  than 
air  or  vent-pipes. 

The  following  weights  are  according  to  the 
Metropolis  Water  Company's  Act  1871,  for 
branch-pipes  connected  to  the  Water  Co.'s, 
mains,  and  are  generally  spoken  of  as  rising 
* 


mam-pipes 

Internal  diameter  of 


Weight  of  pipe  in 
lbs.  per  lineal  yard. 


i  in  

...     5  lbs. 

.       ...     6  „ 

  7h  „ 

i  „       ...  . 

  9  » 

I     „  ... 

  J2  „ 

li  ... 

  16  „ 

li  „       ...  . 

  21  „ 

2     „  ... 

 30 

Warning  or  overflow-pipes  are  as  follows  : — 
lin  bore  3  lbs.  per  yard 

I     »  S  »> 

I  7  » 

Main  service-pipes  are  usually  described 
according  to  the  number  of  pounds  a  certain 
length  will  weigh. 

t  inch  pipe  is  called  f  inch 
i      »      »      »       ^  >> 


25's 
30's 
38's 
45's 
60' s 


I        »       ))       J)  ' 
The  above  figures  represent  the  number  of  lbs. 
a  15  ft.  length  will  weigh. 

li  inch  pipe  is  called  li  inch  64's 
li      „      „  li   »  84's 

2  „        „        „        2      „  I20'S 

The  above  figures  represent  the  number  of 

lbs.  a  12  ft.  length  will  weigh. 

From  Mr.  Kirkaldy's  experiments  we  find 

that— 

iin.  34's  burst  with  a  pressure  of  1,579  lbs.  sq.  in. 


» 


1,349 
1,191 
911 
683 

734 
498 


,1 
,1 


t  41's 
5  57's 

1  „  6i's  „ 
li  63's  „ 
li  „  8s's  „ 

2  „iio's  „ 
The  thickness  of  the   pipes   in  last  table 

averages  a  little  over  i-Sth  of  an  inch,  and  the 
experiments  prove  that  pipes  for  conveying 
water  under  pressure  should  be  thicker  in 
substance  when  made  to  a  larger  size.  As  an 
example,  A  in.  pipe  made  of  lead  '2  in.  thick 
burst  with  a  pressure  of  1,579  lbs.  per  square 
inch.  2  in.  lead-pipe  '2 1  thick  burst  at  a  pressure 
of  498  lbs.     Although  the   2  in.  pipe  was  of 

•  The  New  River  Company  insist  upon  all  down 
service-pipes  from  cisterns  being  of  the  same  weights 
as  the  rising  main-pipes. 


thicker  substance  than  the  i  in.,  the  2  in.  burst 
at  less  than  one-third  of  the  internal  pressure 
that  was  required  to  burst  the  i  in. 

As  some  waters  have  an  injurious  eflfect  on 
lead-pipes,  it  has  been  found  necessary  to  use 
another  metal  than  lead  for  conveying  water, 
especially  when  to  -be  used  for  domestic  or 
drinking  purposes.  Pure  tin  has  been  found  to 
be  better  than  lead  for  this  purpose,  but  the 
cost  is  so  great  that  it  is  very  rarely  used. 
As  a  substitute  lead  encased  tin-pipes  have  been 
recommended.  These  pipes  are  drawn  in  the 
same  manner  as  lead-pipes,  the  pipe  machine 
being  charged  with  lead  and  tin  in  such  a  way 
that  the  two  metals  issue  from  the  die  in  the 
proper  proportions,  and  so  that  a  lead-pipe 
surrounds  the  inner  one  of  tin.  Although  the 
inner  and  outer  pipes  can  be  seen  to  be  distinct 
yet  they  are  so  made  that  the  two  metals  cannot 
be  separated  by  any  amount  of  bending  or 
twisting.  Professor  Frankland  a  short  time  ago 
— when  speaking  on  this  subject— said,  "  The 
public  should  be  warned  against  the  use  of  tin- 
lined  pipes,  unless  they  knew  how  they  were 
manufactured.  In  some  cases  the  way  in 
which  they  were  manufactured  produced  an 
alloy  of  lead  and  tin,  which  acted  more  on  the 
water  than  lead-pipes  alone.  He  had  suggested 
a  plan  to  some  manufacturers  by  which  pipes 
could  be  made  which  were  not  in  the  slightest 
degree  affected  by  water,  but  whether  all  the 
pipes  were  of  that  kind  or  not  he  could  not  say; 
but  certainly  where  this  alloy  was  produced 
there  was  danger." 

On  the  other  hand,  we  have  heard  Mr. 
Maguire,  sanitary  engineer,  Dublin,  state  that 
"  A  very  slight  proportion  of  tin  alloyed  with  the 
lead  also  prevents  an  injurious  action.  The 
pipes  and  sheets  used  in  the  Dublin  waterworks 
are  required  by  the  authorities  to  be  made  from 
such  alloy.  Strong  wood  tanks  lined  with  this 
alloy  in  sheets  7  lbs.  to  the  square  foot  form 
durable  and  safe  storage  tanks." 

The  following  table,  based  on  Mr.  Kirkaldy's 
experiments,  shows  that  lead-encased  tin-pipes 
will  resist  a  greater  bursting  pressure  than  pure 
lead-pipes  : — 
i  inch  19's  -14  thick  burst  at  1,859  lbs.  persq.  in. 
I    „    2i's  -13       „       „  1,454 
S    „    28's-i5       „      „  1,416 
I     „    36's  -14      „      „  1,265 
li   „    32's-i3      „      „  83s 
li   „    43's'i5      n      »  849 


65's  -17 


642 


» 
» 


This  table  shows  that  ^in.  encased  pipe,  about 
i-7th  of  an  in.  in  thickness,  will  resist  a  greater 
bursting  pressure  than  a  2  in.  pipe  about  i-6th 
of  an  inch  thick.  The  student  should  compare 
this  table  with  the  one  for  lead-pipes,  and  mark 
that  the  lead-encased-tin  pipe  is  much  stronger 
than  the  lead-pipe. 
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ON  CASTING 

BEFORE  the  invention  of  the  lead  mill,  sheet 
lead  used  to  be  cast.  The  following  brief 
description  will  give  the  student  some  idea  how 
it  was  done. 

A  good-sized  shop,  well  lighted,  and  free  from 
draughts,  is  necessary.  The  floor  should  be 
kept  clean,  so  that  any  spilt  lead  could  be  swept  ■ 
up.  Stone  floors  are  better  than  wood.  In  a 
convenient  position  a  large  cast-iron  pot  with  a 
broad  rim,  to  support  the  weight  of  the  lead,  is 
set  in  brickwork,  with  a  fireplace  beneath,  and 
a  flue  encircling  the  pot  for  heating  the 
contents. 

A  large  wooden  bench,  with  raised  sides 
(generally  called  the  casting  frame,  or  mould), 
should  be  fixed  so  that  the  workers  can  walk  all 
round  it.  The  bed  of  the  frame  is  covered  with 
clean,  but  loamy  sand  slightly  moistened,  to 
make  it  bind  together.  This  sand  is  carefully 
levelled  on  the  surface,  and  is  beat  down  into  a 
close  and  compact  condition,  to  prevent  it  being 
washed  into  holes  when  the  molten  lead  is 
poured  on  to  it.  A  piece  of  board  cut  to  fit 
inside  the  sides  of  the  frame,  and  with  strips  to 
project  beyond  as  handles,  is  used  to  level  the 
sand.  This  tool,  called  a  "  strike,"  is  used  by 
two  men,  one  at  each  end,  who  push  it  up  and 
down  the  frame,  and  sometimes  give  it  a  kind 
of  chopping  motion,  until  the  sand  is  made 
moderately  smooth  and  even.  The  surface  of 
the  sand  is  then  "planed."  The  plane  is  like  a 
large  plasterer's  trowel,  but  made  of  copper, 
the  edges  being  slightly  curled  upwards.  A 
piece  of  touch  is  rubbed  on  the  face  ol  the 
plane,  which  is  then  passed  backwards  and 
iorwards,  varied  by  circular  motions  all  over  the 
sand  until  it  is  perfectly  smooth.  When  well 
planed  the  sand  will  look  bright  when  seen  in 
certain  positions. 

At  the  end  of  the  casting-frame,  nearest  the 
pot,  is  the  "head  pan."  This  is  generally  of 
cast-iron,  and  the  same  length  as  the  width  of 
the  frame.  The  lip  of  the  head  pan  rests  on 
the  end  of  the  frame,  and  it  is  supported  on  legs, 
or  trestles.  At  the  bottom  end  of  the  frame  is 
the  "foot  pan"  which  is  a  long  trough  made  of 
wood,  and  lined  with  sheet  copper,  placed  to 
receive  the  superfluous  lead  removed  by  the 
strike.  At  the  lowest  end  of  the  foot  pan  is  the 
waggon,  this  being  a  large  cast-iron  bowl  on 
wheels  placed  to  receive  the  lead  caught  in  the 
foot  pan.  When  all  is  ready,  the  operation  of 
casting  proceeds  as  follows  : — 

The  strike  used  for  levelling  the  bed  is  wiped 
clean,  and  "muffles"  put  on  the  handles,  the 
thickness  of  the  muffles  being  regulated  accord- 
ing to  the  substance  it  is  intended  to  cast  the 
lead. 
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The  lead  is  ladled  out  of  the  pot  into  the  head 
pan.  The  heat  of  the  lead  must  be  such  that  it 
does  not  set  in  a  solid  mass,  or  congeal  and 
adhere  to  the  sides  of  the  head  pan.  An  allow- 
ance should  be  made  for  the  absorption  of  heat 
by  the  cast-iron  pan.  When  the  necessary 
quantity  of  lead  is  ladled  into  the  pan,  it  should 
be  well  stirred  and  kept  in  motion,  so  that  it  is 
of  uniform  heat  throughout.  As  soon  as  the 
lead  has  cooled  sufficiently  (generally  found  by 
dipping  in  a  piece  of  clean  dry  wood  and  notic- 
ing the  smoke,  or  charring  of  the  wood,  or  by 
dipping  in  a  piece  of  sheet  lead  and  noticing  if 
it  melts,  or  if  some  of  the  melted  lead  congeals 
around  it),  the  strikers  take  up  their  positions 
near  the  frame,  and,  at  a  given  signal,  the  third 
hand  (man)  tilts  the  head  pan  and  upsets  the 
lead  into  the  frame,  the  strikers  then  quickly 
push  the  strike  before  them,  and  remove  the 
superfluous  lead  before  it  has  time  to  set.  This 
lead  runs  onto  the  foot  pan,  thence  into  the 
wagon,  when  it  is  immediately  dragged  to  and 
emptied  into  the  pot.  As  soon  as  the  strike  has 
passed  the  end  of  the  frame,  a  man  stands 
ready  with  a  drawing  knife  and  cuts  off"  the 
bottom  selvage.  If  this  is  not  done  the  sheet 
will  sometimes  spoil  by  cracking  right  across. 
As  the  lead  cools  it  contracts,  so  it  is  important 
that  the  ends  of  the  sheet  are  not  tied  so  as  to 
prevent  this  contraction. 

After  the  sheet  is  cast  it  is  rolled  up  and 
hoisted  off  the  frame.  The  sand  is  then  sifted 
and  moistened,  and  the  whole  process  repeated 
for  the  next  sheet.  Some  casting  frames  are 
i8ft.  long,  by  6|  ft.  wide,  and  it  follows  that 
is  the  size  of  the  sheets.  Smaller  frames  are 
used,  about  loft.  long  by  4  ft.  wide.  It  is  very 
difficult  to  cast  large  sheets  less  than  7  or  8  lbs. 
each  square  foot.  When  cast  lighter,  the 
thickness  of  the  sheet  will  vary  very  much.  Old 
lead  can  be  used  for  casting  into  sheets,  but  it 
is  advisable  to  cut  out  all  old  solder,  &c.,  and 
to  add  some  new  pig  lead. 

It  is  much  to  be  regretted  that  cast  sheet  lead 
is  now  very  rarely  used.  On  looking  at  some 
of  our  old  Cathedrals,  and  other  ancient  build- 
ings with  lead  roofs,  they  will  be  found  to  be 
generally  in  better  condition  than  a  great  many 
modern  ones  with  milled  lead  roofs.  There  is 
little  doubt  that  in  cast  lead  all  the  molecules 
are  in  a  natural  position  towards  each  other, 
whilst  in  milled  lead  they  are  squeezed  into  un- 
natural positions  during  the  process  of  milling, 
and  are  so  compressed  that  they  cannot  move 
over  each  other  when  exposed  to  influences 
causing  expansion  and  contraction  of  the 
metal. 
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ON  IV 

MILLED  lead  is  never  made  by  plumbers,  for 
the  reason  that  large,  special  made  and 
expensive  machinery  is  necessary.  But  as  the 
operation  of  milling  is  interesting,  a  very  brief 
description  of  the  process  is  given.  The  lead 
mill  consists  of  a  large  iron  frame  in  some  cases 
about  sixty,  in  others  about  ninety  feet  long,  by, 
from  7  to  loft.  wide.  The  bed  of  the  mill  has 
a  series  of  cross  rollers  its  whole  length  about 
3  or  4  in.  in  diameter,  for  the  sheet-lead  to  move 
freely  on  as  it  leaves  the  large  milling  rollers. 
Across  the  centre  of  the  frame  are  placed  two 
large  rollers,  arranged  similar  to  some  of  the 
patent  wringing  machines  used  in  laundries. 
These  rollers  are  made  of  iron  or  steel,  are  very 
strong  and  have  smooth  faces.  In  some  cases 
steam  is  passed  through  these  rollers  so  as  to 
make  them  very  hot,  and  so  soften  the  lead  as  it 
passes  between  that  it  rolls  out  much  easier. 
The  large  rollers  are  placed  one  over  the  other, 
the  distance  apart  being  regulated  by  screws, 
according  to  the  thickness  the  lead  is  to  be 
rolled.  A  large  cake  of  lead  is  cast,  and  then, 
while  still  hot,  passed  between  the  rollers  which 
reduces  the  thickness,  but  makes  it  much 
longer.  After  the  cake  of  lead  has  passed 
through  and  become  reduced  in  thickness,  the 
adjusting  screws  are  tightened,  so  as  to  bring 
the  rollers  closer  together,  when  the  lead  is 
again  passed  between  them,  this  further  reducing 
the  thickness  of  the  lead.  This  operation  is  re- 
peated until  the  sheet  of  lead  has  become  reduced 
to  the  required  substance.  When  very  thin  sheet 
lead  is  required  it  is  found  necessary,  in  some 
cases,  to  pass  two  sheets  between  the  rollers  at  the 
same  time.  As  lead  is  very  wanting  in  tenacity, 
it  breaks  into  holes  when  rolled  out  very  thin,  and 
passed  in  single  sheets  between  the  rollers. 
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Milled  lead  can  be  bought  in  sheets  up  to 
40  ft.  long,  and  from  6  ft.  9  in.  to  9  ft.  wide,  and 
weighing  from  3  lbs.  up  to  20  lbs.  each 
superficial  foot.  Sheet  -  lead  is  described 
according  to  the  number  of  pounds  one 
square  foot  weighs.  Milled  lead,  when  i  in. 
thick  and  upwards,  is  generally  described  as 
"  plate  lead." 

When  the  thickness  of  sheet-lead  is  known, 
the  weight  of  each  square  foot  can  be  found  by 
dividing  the  thickness  by  •017,  that  bemg  the 
thickness,  in  inches,  of  one  square  foot  weighing 
one  pound.  As  an  example,  suppose  a  piece  ot 
lead  is  ^in.  (or  "5  in.  thick),  Divide  '5  by  "017, 
and  we  get  29  and  a  small  remainder.  One 
square  foot  of  milled  lead  ^  in.  thick  weighs  a 
little  over  29  lbs.  Or,  supposing  the  weight  is 
known,  and  the  thickness  is  required  we  can  find 
that  by  multiplying  the  weight  in  pounds  by 
•017,  when  the  answer  will  be  in  inches.  To 
make  this  clear,  supposing  it  is  required  to  know 
the  thickness  of  a  piece  of  8  lb.  lead.  Multiply 
8  by  •017  and  we  get  '136,  or  nearly  J  in. 
Another  example  is  given.  A  piece  of  lead  is 
I  in.  thick,  what  will  one  square  foot  weigh  ? 
Divide  i  in.  by  "017,  and  we  get  59  nearly, 
which  is  within  a  point  of  the  actual  weight.  If 
the  student  remembers  that  '017  is  the  thickness 
of  a  piece  of  sheet-lead  when  spread  out,  so  as 
to  cover  a  square  foot  of  surface,  he  will  then  be 
able  to  calculate  thickness,  or  weight,  as  the  case 
may  be,  and  so  save  the  necessity  of  remember- 
ing a  long  table  of  thicknesses  and  weights.  A 
final  example  is  given.  What  is  the  external 
diameter  of  4  in.  10  lb.  lead  soil-pipe  ?  Multiply 
•017  by  10,  double  the  product  and  add  four,  the 
internal  diameter  of  the  pipe,  and  we  get  4*340, 
or  a  little  over  4J  in. 


ON  RED  AND  WH 

MENTION  has  already  been  made  of  the 
action  of  oxygen,  and  carbonic  acid  on 
lead,  and  the  resultant  oxides  and  carbonate. 
Plumbers  use  these  compounds  when  mixed  to- 
gether, and  with  linseed  oil,  as  cement  for  making 
joints  to  iron  pipes,  bedding  w.c.  basins,  and  at 
the  junction  of  lead-pipes  to  w.c.'s,  also  when 
making  screwed  connections  to  boilers,  iron  and 
slate  cisterns  and  similar  purposes.  A  cement 
made  of  red  and  white  lead  absorbs  more  oxygen 
when  exposed  to  the  air,  and  eventually  becomes 
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very  hard  and  brittle.  For  this  reason,  this 
cement  is  often  improperly  used  where  a  softer 
and  more  elastic  cement  would  have  been 
better.  For  instance,  when  this  cement  is  used 
for  bedding  w.c.'S,  the  joint  often  cracks  by  the 
vibration  of  the  apparatus  caused  by  the  flush  of 
the  incoming  water  when  used.  A  better  cement 
for  bedding  w.c.'S  is  common  putty,  made  of 
whiting,  and  an  oil  that  does  not  absorb  oxygen 
to  the  same  extent  as  linseed  oil.  Neither  is 
lead  cement  good  for  making  connections  to 
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slate  and  iron  cisterns,  especially  when  intended 
to  hold  drinking  water,  as  the  cement  is  slightly 
soluble  in  some  kinds  of  waters.  For  the  same 
reason  joints  to  iron  pipes  for  conveying  drink- 
ing water  should  not  be  made  with  red  and 
white  lead  cement.  Quite  recently  an  analysis 
was  made  of  water,  drawn  from  iron  pipes,  with 
red-leaded  joints,  when  lead  was  found  in  solu- 
tion in  the  water.  The  pipes  were  taken  out  and 
beeswax  used  for  the  joints.  A  second  analysis 
showed  no  signs  of  lead.  The  same  observa- 
tions apply  to  slate  cisterns  when  put  together 
with  lead  cemented  joints,  especially  when  the 
cisterns  are  intended  to  hold  drinking  water 
which  is  of  a  soft  and  solvent  nature.  In  some 
cases  where  lead  cement  has  been  used  for 
making  the  connection  to  an  iron  cistern,  the 
iron  inside  the  cistern  where  in  contact  with  the 
lead  has  been  found  to  oxidise  considerably 
more  than  the  other  parts.  This  arises,  no 
doubt,  from  a  voltaic  action  setting  up 
between  the  iron  and  the  lead  compounds. 
This  voltaic  action  has  also  been  noticed  round 
the  manholes  of  kitchen  boilers,  when  a  small 
leakage  has  been  taking  place,  the  escaping 
water  causing  the  voltaic  couple  to  be  complete. 
In  the  absence  of  water  or  moisture  no  action 
would  have  taken  place. 

Iron  Cements. — In  some  cases  where  iron  has 
to  be  connected  with  iron  a  cement  made  of 
the  iron  oxides  answers  very  well. 

Another  cement,  known  as  "rust  cement,"  is 
sometimes  used  by  plumbers  for  joining  cast 
iron  socket  pipes  together.  It  is  also  used  by 
engineers  for  caulking  the  joints  of  cast-iron 
tanks.  Rust  cement  is  composed  of  cast-iron 
turnings  or  borings.  These  turnings  are  some- 
times mixed  with  dirt  and  shop  sweepings,  and 
so  oily,  that  it  is  necessary  to  make  them  red 
hot,  to  burn  out  the  dirt  and  oil  before  rising, 
otherwise  they  would  not  rust  when  required. 
When  the  borings  are  quite  clean  and  free  from 
oil  they  are  pounded  small  and  mixed  with  sal 
ammoniac  and  a  small  quantity  of  flour  of 
sulphur.  The  proportions  vary,  according  to 
the  ideas  of  the  workman,  but  one  of  the 
commonest  is  i  cwt.  of  borings,  and  1  lb.  of  sal 
ammoniac.  The  proportions  are  also  varied, 
according  as  the  cement  is  required  to  set 
quickly  or  slowly.  For  a  quick  setting  cement 
Mr.  Molesworth  gives— 

1  sal  ammoniac  by  weight 

2  flour  of  sulphur  „ 
80  iron  borings  „ 

and  for  a  slow  setting  cement. 

2  sal  ammoniac  by  vveight 

I  fiour  of  sulphur  „ 

200  iron  borings  „ 
The  slow  setting  cement  is  the  strongest,  if  the 
necessary  time  can  be  allowed  for  it  to  set. 
For  making  the  cement,  the  ingredients  should 
be  mixed  dry,  and  then  slightly  moistened. 
Soon  afterwards  they  begin  to  rust,  and  become 
warm  when  they  should  be  again  thoioughly 
mixed  and  covered  with  water  until  ready  for  use. 


Some  workmen  use  urine,  instead  of  the  sal 
ammoniac,  as  the  rusting  agent.  When  the 
cement  is  properly  made,  and  the  joints  in  the 
pipes  packed  with  it,  the  borings  rust  and  expand 
very  much,  with  the  result  that  after  a  time  the 
joint  is  almost  a  solid  mass,  and  will  stand  a 
very  great  hydraulic  pressure.  It  is  important 
that  the  pipes  to  be  joined  should  have  their 
spickets  and  sockets  free  from  grease,  tar,  or 
anything  of  a  similar  nature.  Rust  joints  have 
been  made  to  cast-iron  pipes  coated  with  a 
bituminous  material,  such  as  Dr.  Angus  Smith's 
solution,  but  after  an  interval  of  several  weeks 
the  cement  was  found  to  be  as  green  as  when 
first  used,  not  the  least  oxidation  having  taken 
place. 

Mastic  Cement  is  a  combination  of 
bitumen  with  limestone,  or  other  calcareous 
matter  and  sand.  Some  years  ago  it 
was  used  for  making  good  or  pointing 
lead  flashings  to  the  stone  gables  or  parapets  of 
houses,  and  was  a  substitution  for  "burning  in" 
the  flashings.  Burm'ntf  in  is  the  term  used 
when  the  chase,  into  which  the  edge  of  the  lead 
flashing  is  turned,  is  filled  up  with  molten  lead 
instead  of  with  cement  of  any  kind. 

Brimstone  or  Sulphur  has  sometimes 
been  used  as  a  cement  for  fixing  iron  work 
to  stone.  Most  engineers  have  now  aban- 
doned lead  for  that  purpose,  more  especially 
in  situations  exposed  to  the  elements.  In  damp 
situations  a  galvanic  action  takes  place  between 
lead  and  iron,  and  the  iron  is  eventually 
destroyed. 

Portland  Cement  is  now  very  much  used 
for  various  purposes.  Plumbers  make 
good  earthenware  w.c.  traps  to  drains 
with  this  cement.  It  is  also  used  for 
making  the  joints  of  stoneware  drain-pipes,  but 
for  this  purpose  great  care  must  be  taken  when 
selecting  the  cement.  A  great  deal  of  Lias 
lime  is  mixed  with  the  cheaper  cements,  so  as 
to  make  them  set  quickly,  but  it  is  very  difficult 
to  make  joints  to  drain-pipes  so  that  they  will 
stand  a  hydraulic  pressure  when  the  cement  is 
of  an  inferior  quality.  Portland  cement  expands 
when  setting,  so  that  in  some  cases  it  has  been 
found  necessary  to  add  a  little  clean,  sharp, 
washed  sand.  It  is  not  at  all  an  uncommon 
occurrence  for  the  Portland  cement  to  swell  with 
such  force  as  to  burst  all  the  sockets  of  stone- 
ware drain-pipes.  The  writer  once  had  to  relay 
the  whole  of  the  drains  three  times,  in  a  house 
at  Chelsea,  before  they  would  stand  a  hydraulic 
pressure  of  about  i  lb.  on  the  square  inch,  and 
each  time  it  was  because  of  the  pipe  sockets 
splitting  by  the  force  of  the  expansion  of  the 
Portland  cement. 

A  wash  of  Portland  cement  has  been 
applied  with  good  results  to  the  insides  of 
iron  cisterns  to  prevent  oxidation.  The  joints 
ofirondiains  have  been  made  with  Portland 
cement,  and  have  answered  fairly  well,  but  these 
joints  should  always  be  made  with  metallic  lead, 
as  not  being  so  brittle.    The  lead  is  also  of  a 
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more  yielding  nature,  and  allows  for  a  slight 
molfon  of  the  pipes  without  caus.ng  them  to 
break  or  the  joints  to  leak.  This  is  of  great 
rmportance  where  alternate  discharges  of  hot 
and  cold  water  pass  through  the  drains,  causing 
?hem  to  expand  and  contract,  thus  putting  a 

^'^Sr'of^^Padf'ls  often  used  .by 
plumbers  for  bedding  wash-hand  basins 
and    the    marble    tops    over    them.  Ihis 


cement  is  very  unsuitable  for  the  above 
purpose,  as  it  soon  brealis  away,  thus  allowing 
water  to  splash  over  the  rim  of  the  basin.  A 
nasty  faint  odour  can  generally  be  found  round 
the  joint  between  the  washhand  basin  and  the 
marble  or  slate  top,  arising  from  an  accumula- 
tion of  stale,  dirty  soap  curds.  A  ring  made  of 
a  piece  of  soft  india-rubber  tubing  makes  a 
good  packing  to  use  instead  of  plaster  of 
Paris. 


THEORY   AND  PRACTICE  ON  SOLDERING 


TN  the  May  issue  was  given  the  constituents 
1  and  melting  points  of  various  solders,  and  also 
the  various  fluxes  used  when  soldering  metals 
together.  It  remains  now  to  describe  the  various 
wlys  plumbers  apply  the  solder  and  prepare  the 
work  for  joining.    In  selecting  the  Foper  solder 
to  use,  the  plumber  must  be  guided  by  the 
nature  of  the  metals  he  is  going  to  join  together 
The  solder  must  as  nearly  as  possible  approach 
the  metals  in  their  physical  Properties  for 
reasons  it  is  not  necessary  to  repeat  When 
the  ends  of  pipes  are  to  be  joined  by  a  wiped 
joint,  the  first  thing  the  plumber  has  to  do  is  to 
prepare  them,  so  that  they  fit  so  tightly  that  no 
solder  will  run  through  when  the  joint  is  being 
made.    Student  plumbers  treat  this  matter  too 
lightly,  as  if  it  was  of  no  importance,  and  it  is 
only  after  a  solid  joint  or  two  has  been  made 
that  they  take  more  pains  when  prepanng  a 
joint.    The  ends  of  the  pipes  should  first  of  all 
be   made   quite   true   and  round.    A  tan-pin 
should  be  used  for  rounding  the  ends  of  the 
pipes,  and  not  as  is  so  often  done,  the  end  of  a 
EoCor  handle  of  a  tool  pushed  in  and  twisted 
round.    Both   ends  of  the  pipes  should  be 
opened,  one  slightly  niore  than  the  other,  so 
that  one  sockets  into  the  other,  and  then  he 
outer  arrisses  rasped  off,  so  that  the  >n"er  P  pe 
end  is  reduced  to  a  feather  edge,  and  the  outer, 
or  socket-pipe  end,  treated  in  a  similar  way,  so 
that  should  a  joint  be  wiped  rather  bare  he 
edge  of  the  lead-pipe  will  not  show  through  the 
soldering.     Afte^  the   pipe  ends   have  been 
prepared  as  described,  they  should  be.  covered 
for  about  4  to  9  i"-,  according  to  the  sue  of  the 
pipe,  with  a  compound  of  size,  ^"ipblack,  and 
a  little  powdered  chalk,  commonly  called  soil. 
This  soil,  sometimes  called  "smudge,   is  to 
prevent  the  solder  tinning  to  the  p.pc  beyon^^ 
ihe  part  intended  for  the  joint     When  the  lead- 
pipers  very  greasy,  the  ends  have  to  be  wiped 
clean  and  rubbed  over  with  dry  chalk  to  k^l 
the  grease,"  or  otherwise  the  soi  would  peel  ott, 
or  be  wiped  off  with  the  cloth  when  the  joint  is 


bein-  made.    After  soiling  the  pipe  ends  they 
should  be  shaved,  that  is  the  part  to  which  the 
solder  is  to   alloy  is  to  be  scraped  clean  to 
remove  the  soil  and  oxidised  or  tarnished 
suSace     In  some  country  towns  the  plumbers 
sSave  the  pipe  ends  first  and  soil  them  after- 
wards; but  this  is  not  a  good  plan.    They  wi 
Thave  the  pipe  perhaps  2  in.  long,  and  then  soil 
overabou7one  inch  of  the  shaved  part,  the  pipe 
being  thus  reduced  in  substance  equal  to  the 
thickness  of  the  shaving,  and  consequently  that 

much  weaker.  . ,         „„  tr. 

Plumbers    have    different     ideas    as  to 
what  len-th  the   joints    should  be  shaved, 
i  some  make  ill  joints  the  same  length 
irrespective  of  the  size  of  the  P-P"-    But  a 
difference  should  be  made.    For  a  im.  pipe 
joint  2iin.  long  is  sufflc.ent,  and  so  on  to  a 
graduated  scale  to  34  in.  for  a  4       P'P^.  J°'"be 
The  inside  of  the  socket  end  should  also  be 
shaved  so  that  solder  may  run  into  it  and  round 
Se  entedngend,  and  thus  make  JOjnU-ter- 
tieht  even  if  the  whole  of  the  solder  should  be 
wiped  off  the  outside.    Some  plumbers  will 
dJSthe  feather  edge  of  the  socket  round  the 
spicket  end.    When  this  is  done,  and  the  joint 
wiped  rather  bare,  it  will  often  leak,  or  water 
w  5  ooze  through  the  thin  film  of  solder  over  the 
nit  of  connection.    When  shaving  the  pipe 
ends  care  should  be  taken  not  to  leave  any 
parts  unshaved,  and  at  the  same  time  not  to  take 
Sff  more  than  necessary,  so  as  to  reduce  the 
substance  of  the  pipe  more  than  can  be  avoided. 
NeUher  should  ihl  shave-hook  be  dug.m  00 
deep  at  the  ends  of  the  joints  so  as  to  nick  the 
nine     Lead-pipes  are  often  found  to  break  at 
S  2%int  endr  because  of  this.    When  making 
leS  care  should  betaken  not  to  wipe  the 
ends°oo  bare,  but  to  leave  enough  solder  on  to 
s  renXn  th^  pipe,  and  entirely  cover  the  part 
which  is  reduced  in  substance  by  the  shave  hook. 
Figs.  I  and  2  will  Illustrate  what  is  meant,  F.g^ 
I  being  badly  shaved  ana  wiped,  and         2  a 
joint  Foperly  prepared  and  finished.  When 
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preparing  the  angles  of  cisterns  and  sinks  for 
soldering,  the  point  of  the  shave-hook  is  often 


Fig.  I. 


Fig. 


used  in  such  a  way  as  to  reduce  the  thickness  of 
the  lead  very  much,  and  then  when  wiping,  the 
solder  is  left  too  thin  at  the  edges,  thus  making 
those  parts  very  weak  where  they  should  have 
been  the  strongest. 

It  is  difficult  to  describe  the  process  of  wiping 
a  joint,  and  if  I  was  to  lecture  for  two  or  three 
hours  upon  it  you  would  not  then  know  so  much 
about  it  as  if  you  had  ten  minutes  practice  at 
the  bench.  You  could  watch  twenty  men 
making  joints  and,  even  if  they  were  all  first- 
class  wipers,  no  two  wnuld  proceed  in  exactly 
the  same  way,  and  yet  all  would  turn  out  equally 
good  work. 

When  preparing  branch  joints  the  same  care 
has  to  be  taken  as  pointed  out  for  straight 
Joints,  and  in  addition  the  branch-pipe  should 
be  well  supported  so  that,  especially  when  the 
joint  is  being  made  on  the  bench,  the  weight 
will  not  cause  it  to  enter  too  far  into  the  main- 
pipe.  It  is  also  a  good  plan  to  enlarge  the  end 
of  the  branch-pipe  both  for  waste,  service,  or 
soil-pipes.  Now  that  sanitary  engineers  are 
using  soil-pipes  much  smaller  than  they  used 
to  do  it  is  important  that  the  branch  soil-pipes 
should  be  bent  as  shown  at  Fig.  3. 

I  have  known  straight  branch-pipes  to  be 
filled  with  a  solid  plug  of  paper,  Sec,  which 
projected  across  the  vertical  soil-pipe  and  thus 
cause  a  stoppage,  but  never  knew  such  a  stop- 
page to  occur  when  the  branch  was  bent  as 
shown.  Service-pipes  should  be  treated  in  the 
same  manner,  the  bend  being  turned  so  as  to 
meet  the  current  of  water.  I  may  here  say 
that  when  water  has  to  turn  round  sharp  bends  in 
pipes  the  velocity  is  much  retarded,  and  a  less 


quantity  passes  through  in  a  given  time  than 
when  the  bends  are  easy  or  more  gradual. 

I  have  already  said  the  process  of  joint 
wiping  is  difficult  to  describe  without  demonstra- 


Fig.  3. 


tion,  but  the  various  methods  for  heating  and 
applying  solder  may  be  of  interest.  The  old- 
fashioned  way  of  heating  the  sol-der  in  an  iron 
pot,  taking  a  ladleful  of  solder,  and  pouring  or 
splashing  it  on  the  joint  until  sufficient  has  been 
put  on  "to  get  up  a  heat"  when  it  is  wiped 
with  or  without  the  aid  of  an  iron,  is  the  one 
most  commonly  practiced  at  the  present  day. 
For  large  jobs  it  is  the  most  convenient,  and 
preferred  by  all  good  tradesmen  to  any  other 
method.  But  there  are  times  when  it  is 
difficult  to  get  a  fire  for  heating  the  solder. 
When  gas  is  at  hand  that  can  sometimes  be 
made  available  for  melting  the  pot  of  solder, 
and  then  when  wiping  the  joint  use  a  gas  blow- 
pipe instead  of  an  ordinary  plumbers'-iron. 
Or  the  solder  can  be  run  into  strips  and  melted 
on  to  the  joint  by  means  of  the  gas  blow-pipe, 
and  when  sufficiently  heated  wiped  with  a  cloth 
in  the  ordinary  way.  A  good  many  plumbers 
make  their  own  blow-pipes,  as  shown  byFig.  4. 


□3  B 


Fig.  4. 

A  piece  of  flexible  india-rubber  hose  i  in.  or 
f  in.  in  diameter  is  attached  to  the  pipe,  and 
connected  with  a  gas-pipe,  or  the  burner  can  be 
unscrewed  from  the  nearest  gas  bracket  and  the 
hose  attached  to  that.  It  is  sometimes  advisable 
to  have  a  cock  at  A  to  regulate  the  gas  supply,  this 
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cock  to  have  a  by-pass  so  that  a  small  hght  is 
kept  burning  ready  for  use.  A  piece  of  hose 
similar  to  the  other,  but  about  i8  m.  long,  is 
attached  to  the  pipe  B.  A  small  wooden, 
ebonite,  or  other  suitable  mouthpiece  is  fixed  on 
the  loose  end  of  the  hose  for  the  plumber  to 
crrip  with  his  rnoulh,  and  for  him  to  blow  through 
to  "et  the  necessary  blast.  Some  of  the  men  I 
work  with  can  use  this  blow-pipe  with  great 
advantage,  either  for  making  joints,  wipi.ng  flat 
or  raised  seams,  lining  cisterns  or  smks,  and 
for  making  large  lead  rain-water  heads,  &c. 
For  large  work  a  bellows  is  used  instead  of  the 
mouth  for  getting  the  blast.  When  a  bellows 
is  used  a  small  cock  to  regulate  the  quantity  of 
air  is  attached  to  the  blow-pipe  at  B. 

Fig.  5  is  a  hand- lamp  made  by  a  plumber 
for  soldering  purposes.  The  cup  C  is  filled  with 
cotton,  or  similar  material,  and  charged  with 
methylated  spirits.  A  common  blow-pipe,  as 
used  by  gasfitters,  with  a  small  india-rubber 


Fig.  S. 

tube  and  mouthpiece,  is  fixed  as  shown  at  D. 
This  lamp  has  been  found  very  useful  when 
wiping  joints  on  to  small  work. 

About  twenty-six  years  ago  a  fellow  apprentice, 
and  with  whom  I  lodged,  made  a  self-acting 
blow-lamp,  as  shown  at  Fig.  6.  The  materials 
used  were  two  old  oil  lamps,  as  used  for  hxing 


Fig.  6. 

into  candlesticks,  an  old  coffee  canister,  and  a 


6d.  blow-pipe.    The  burner  of  one  lamp  E  was 
taken  out  and  a  screw  soldered  in,  but  as  we 
were  afraid  of  this  lamp  bursting  should  the 
spirit  in  it  boil  too  much,  we  added  a  small  pipe, 
opening  at  F,  and  fixed  a  cork  in  it.    We  after- 
wards did  away  with  the  cork,  and  fixed  a  small 
valve  and  spring,  so  as  to  act  as  a  safety-valve. 
We  used  this  old  lamp  for  several  years,  when 
practicing  soldering  or  making  small  models  of 
various  things  in  our  lodgings.      I  have  since 
heard  that  this  kind  of  lamp  was  invented  by  a 
Frenchman. 

It  is  a  very  handy  lamp  for  making  small-sized 
joints,  and  this  last  few  years  it  has  been  much 
used   by   plumbers    when   making  joints  of 
different  kinds.    I   know  one   plumber  who 
cannot  make  a  wiped  joint  without  he  uses  one 
of  these  lamps.    He  says  that    if  the  joint, 
when  made,  is  not  quite  true  he  can  warm  it  up 
again,  and  put  some  more  metal  on  the  side 
that  is  barest."    I  would  back  a  good  plumber 
with  a  good  pot  of  solder  to  make  half  a  dozen 
joints,  whilst  our  friend  above  "  was  warming  it 
up  ao^ain  "    Fig.  7  is  an  illustration  of  a  patent 


Fig.  7. 

soldering  machine  that  is  no  doubt  very  useful 
have  not  seen  it  in  general  work,  but  have  tried 
It  with  good  results.    Another  man  who  had 
never  seen  the  machine  before  was  told  to  make 
r"n.  upright  joint  by  its  aid     He  prepared  his 
ioint  bv  soiling,  shaving  and  fixing  it.    He  then 
nel  ed\  smalfbar  of  solder,  weighing  about  four 
pounds,  into  a  ladle  held  over  the  flame,  and 
snlashed  it  onto  the  joint  in  the  usual  way.  He 
Sen  took  the  jet  in  ine  hand,  and  his  wiping 
cloth  in  the  other,  and  wiped  a  very  good  joint. 
The  whole  of  the  lime  from  start  to  finish  was 
under  half-an-hour.    He  was  then  asked  to  take 
a  fresh  piece  of  2  in.  pipe  and  make  an  under 
iand  oFnt  on  the  bend!.    After  prepanng  and 
fixin<Ahe  joint  he  collected  the  spare  solder, 
fe  t  fl  l  the  other  joint,  added  suiricient  from  a 
bar  to  fill  his  4  lb.  ladle,  and  then  pouied  it  on 
the  joint,  heated  it  up  by  means  of  the  flame 
fJom  the  machine,  and  wiped  a  first-class  join  , 
his  being  done  under  half-an-hour.     I.  pur 
posely  lit  giving  the  name  of  the  P-Fjetor 
of  this  machine,  as  it  would  be  very  untair  tor 
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me  to  praise  any  one  person's  things  to  the 
disadvantage  of  other  people's,  of  which  I  may 
know  nothing,  and  which  might  be  equally 
good. 

When  I  was  a  young  man  and  learning  the 
trade  of  a  plumber  it  was  very  unusual  to  find  a 
copper  bit  in  a  plumber's  kit,  excepting  a  small 
one  for  tinning  brasswork.    If  a  man  was  found 
making  a  copper  bit  joint  he  was  laughed  and 
sneered  at,  and  called  all  sorts  of  hard  names. 
Now  a  copper  bit  is  a  very  handy  tool  in  its 
right  place  and  properly  used,  but  unfortunately 
it  is  a  tool  very  much  abused  by  a  class  of  men 
who  usurp  the  title  of  plumbers,  and  who,  by 
their  tinkering  way  of  doing  work,  bring  the 
whole  trade  into   disrepute.     IVIaking  wiped 
joints  is  not  the  only  criterion  of  a  plumber, 
but  if  he  cannot  wipe  a  joint  it  is  doubtful  if  he 
can  properly  do  anything  else  that  comes  under 
the  heading  of  plumbing.    I  have  just  been 
making  an   examination  of  a  large  building 
where  some  talented  experts  had  been  at  work 
with  copper  bits,  and,  to  sum  up  my  opinions, 
the     work     they     had    done    was  simply 
disgraceful.     The   pipes  were    not  straight, 
were  not  firmly  fixed,  and  there  were  about 
six  or  seven  joints  that  had  to  be  tied  up 
with  red  lead  cement  and  string.    Some  of  the 
jomts  had  as  much  resin  as  solder  round  them. 
The  bends  in  the  pipes  were  all  so  crippled  that 
they  were  only  about  half  bore.    In  some  cases 
the  mahogany  w.c.  seats  had  to  be  cut  and 
fitted  round  the  branch  service  pipes  to  the 
valves,  where  they  lay  horizontally,  the  plum- 
bers (?)  not  having  the  good  sense  to  fix  them 
beneath  the  seats  and  out  of  sight.    In  these 
men's  hands  the  copper  bit  was  a  dangerous 
tool,  as  it  gave  them  a  colourable  claim  to  be 
called   plumbers.    In  the   hands  of  a  good 
plumber  a  copper  bit  is  a  useful  tool,  and  there 
are  places  were  a  copper  bit  joint  is  the  right 
one  to  make.     For  instance,  to  small  brass 
unions  and  other  fittings  that  are  too  small  for 
making  a  wiped  joint  to,  but  in  those  cases  I 
prefer  an  overcast  joint,  that  is,  a  joint  made 
with  a  body  of  solder  melted  on  it  as  shown  at 
Fig  8  so  as  to  strengthen  it  and  render  it  less 
liable  to  be  broken  when  screwing  up  the  union. 
These  joints  can  only  be  made  with  the  pipe 
&c.,  laying  horizontally.    When  of  necessity  a 
copper  bit  joint  must  be  made  in  its  position, 
and  upright,  the  ordinary  cup  joint  must  be 
made. 

When  inspecting  country  mansions,  and  I 
have  to  go  to  all  parts  of  the  United  Kingdom, 


I  find  a  great  deal  of  copper  bit  plumbing,  more 
especially  in  the  north  and  west.  Lead  soil, 
waste,  and  air  pipes  are  made  with  copper  bit 
seams,  bends  are  made  with  two  pieces  of  sheet 


Fig.  8. 

lead  worked  to  the  required  shape  and  copper- 
bitted  together.    Sometimes  elbows  are  made 
instead  of  bends,  and  soldered  by  the  same 
tneans.    Tacks  soldered  to  the  soil,  &c.  pipes, 
the  joints  made,  including  branch  joints,  traps 
made,  and  in  fact  the  whole  of  the  soldering 
done  by  the  aid  of  fhe  copper  bit.    A  wiped 
joint  being  the  exception  and  not  the  rule.  In 
some  places  it  can  be  seen  that  the  work  was 
well  clone,  and  by  good  plumbers,  but  the  best 
copper-bit  work  looks  poor  and   weak  when 
compared  with  a  good  wiped  metal  job.  The 
greater  portion  of  the  work  that  I  have  seen 
has  been  wretchedly  done,  and  I  cannot  help 
but  think  that  in  a  great  many  cases  the  plum- 
ber has  been  dispensed  with  and  the  village 
blacksmith  employed  instead.    In  dismissing 
the  subject  of  soldering  let  me  impress  upon 
you  the  importance  of  making  good  wiped 
joints.    A  great  many  may  not  agree  with  me 
on  this  matter,  and  will  maintain  that  a  good 
copper  bit  joint  is  equal  to  a  wiped  one.  To 
those  I  would  say,  do  your  work  so  well  and  in 
such  a  way  that  village  blacksmiths  and  tinkers 
are  at  a  discount.    Those  men  may  be  highly 
respectable  and  very  good  at  ,  their  own  trades, 
but  they  cannot  do  good  plumbing,  and  a  plum:' 
ber  lowers  himself  very  much  when  he  copies 
their  way  of  doing  work. 
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LEAD  burning,  sometimes  improperly  called 
Autogenous  soldering,  consists  of  melting 
the  lead  edgei  until  they  combine,  instead  of 
using  solder  to  join  them.  In  some  cases  a  strip 
of  lead  is  melted  at  the  same  time  as  the  edges 
so  as  to  make  a  raised  and  consequently 
strono-er  seam.  Very  few  plumbers  practice  lead 
burning,  or  "  flaming  "  as  it  is  generally  called, 
for  the  reason  that  it  is  more  difficult  to  do,  on 
all  round  work,  than  soldering.  The  machme 
too  would  be  troublesome  to  carry  about  from 
place  to  place,  and  on  large  jobs,  where  several 
plumbers  were  working,  several  machines  would 
be  required. 

The  machine  would  only  be  useful  when 
joining  lead  to  lead,  and  would  not  answer  so 
well  for  joining  lead  to  copper  or  brass.  Some 
lead  burners  that  I  know,  complam  that 
burning  affects  their  eye-sight  so  that  they  can- 
not read  ordinary  printed  matter  without  the 
aid  of  glasses.  But  these  are  men  who  are 
always  working  at  lead  burning. 

There  is  no  reason  why  the  ordinary 
plumber  should  not  know  how  to  do  "  flaming," 
as  there  are  times  when  it  is  necessary  to  join 
lead  by  that  means.  Vitriol  chambers,  and 
vessels  for  containing  acids,  should  be  burned 
together.  If  they  were  soldered  in  the  ordinary 
way  the  acids  would  attack  the  solder  and 
eventually  destroy  its  metallic  nature,  and  the 
chambers  or  vessels  would  leak.  Sometimes 
an  intricate  piece  of  lead-work  on  a  roof  can- 
not be  bossed  or  worked  to  fit  its  position,  in 
which  case  the  lead  could  be  burned  together, 
and  would  look  much  better  than  if  soldered.  I 
always  think  that  soldering,  on  a  roof,  looks 
patchy,  no  matter  how  nicely  it  is  done,  or  how 
highly  decorated  with  soil.  When  covering 
floors  or  large  staircase  landings  it  sometimes 
occurs  that  sheet-lead  cannot  be  had  in 
pieces  large  enough.  Small  pieces  can  be  used, 
and  if  burned  together  the  seam  can  be  cleaned 
oft,  leaving  a  smooth  surface,  the  seam  being 
invisible.  A  soldered  seam  could  be  cleaned 
off  too,  but  a  white  silvery-looking  streak  would 
be  left  to  show  where  the  pieces  of  lead  joined 
together. 

The  machine  generally  used  for  burning  lead 
consistsofachamberforgenerating  hydrogen  gas, 

a  bellows  for  supplying  the  necessary  amount  ot 
atmospheric  air;  india-rubber  tubes lorconveying 
the  air  and  gas,  and  the  jet,  burner,  or  nipple 
at  which  the  mixture  is  ignited  and  applied  to 
the  parts  to  be  joined.  There  is  a  difference  ol 
opinion  as  to  who  first  invented  this  machine, 
but  there  is  no  necessity  for  us  to  trouble  our- 
selves about  that  matter  so  we  will  pass  on  and 
consider  the  machine  as  we  find  it. 


Fig.  9,  represents  in  section  the  one  most 
commonly  used.  There  are  other  patterns 
used  by  some  Americans  as  well  as  Englishmen, 
but  although  they  may  vary  in  shape,  there  is 
little  or  no  difference  in  their  action.  Some  are 
made  of  sheet-lead  without  any  enclosure,  but 
those  for  ordinary  use,  and  that  have  to  be 
moved  about  from  place  to  place,  are  best  when 
made  in  the  old-fashioned  way,  by  having  a 
wooden  box  made  and  lined  with  lead.  Although 
they  look  clumsy  when  compared  with  those  not 
enclosed,  they  are  no  heavier,  as  they  can  be 
lined  with  light  lead,  whereas,  the  others  have 
to  be  made  of  heavy  lead  or  they  would  collapse 
through  not  being  strong  enough  to  support 
their  own  weight  and   that  of  the  charging 
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Fig.  9. 

materials.  And  neither  do  the  enclosed  ones 
get  bruised  and  distorted  by  being  knocked 
against.  Again,  the  wooden  enclosure  keeps 
the  acid  chamber  warm  and  P'f  ^"t^,^ 
sulphate  of  zinc,  which  is  formed  by  the  mate,  als 
used  for  charging  the  machine,  from  crystahsing 
and  eventually   blocking  up  •  the  pipes  and 

machine.  .       »  •  n  ^r^o^-p 

To  desribethe  machme;  A  is  a  small  space 


ON  LEAD 

covered  with  a  false  bottom  made  of  a  piece  of 
perforated  sheet  lead,  and  supported  on  pieces 
of  pipe.     B-  is  a  chamber  usually  filled  with 
scrap  zinc,  although  sometimes  small  bars  of 
spelter,  which  is  the  coaimercial  name  for  zinc, 
are  used  instead.    The  zinc  is  put  into  the 
chamber  B  through  the  small  manhole  C  and 
rests  on  the  piece  of  perforated  lead  over  A. 
D  is  a  pipe  from  the  top  of  the  gas  generating 
chamber',  leading  into  the  wash  bottle  E,  and  F 
is  a  pipe  from  the  bottle  E,  to  which  is  con- 
nected ihe  india-rubber  tubing  for  conveying  the 
gas  to  the  burner,  which  will  be  described  further 
on.  G  is  the  acid  chamber,  and  H  a  pipe  to  con- 
vey the  dilute  acid  down  to  the  bottom  of  the 
well  of  tlie  gas  generating  chamber.    I  is  a  small 
pipe  from  the  well  for  emptying  the  machine 
when  out  of  use.    The  wash  bottle  Eis  also  in- 
tended to  cut  off  direct  communication  between 
the  generating  chamber  and  the  flame  or  jet, 
but  as  a  matter  of  fact  the  bottle  rarely  gets 
properly  charged  with  water,  but  after  using  for 
some  time  a  considerable  quantity  of  water 
taken  up  in  suspension  by  the  gas  drains  into 
the  bottle  and  so  it  gets  charged  in  that  way.  J 
is  a  stop-cock  for  turning  off  the  gas  which 
should  always  be  done  immediately  the  plumber 
leaves  off  burning.    If  he  stops  for  only  a  few 
seconds  this  cock  should  be  turned  off  as  there 
is  risk  of  the  flame  being  drawn  back  into  the 
machine.    There  is  very  little  risk  of  this  so 
long  as  the  machine  is  making  gas,  but  should 
it  become  spent  and  a  small  quantity  of  atmos- 
pheric air  enter  the  machine  and  mix  with  the 
hydrogen  gas,  the  compound  at  once  becomes 
highly  explosive.    While  writing  on  the  causes 
of  explosion  I  may  here  say  that  in  some  cases 
air  can  be  driven  by  the  bellows  so  as  to  force 
back  the  gas  into  the  machine  in  which  case 
there  is  some  little  risk  of  an  explosion. 

The  bellows  will  sometimes,  when  improperly 
used,  draw  gas  back  into  its  inside,  and  should 
the  burning  flame  at  the  nipple  be  drawn  back 
or  burn  its  way  back  into  the  bellows,  an  ex- 
plosion is  almost  certain  to  occur.  I  never  had 
this  happen  but  once,  and  that  was  when  a 
student,  who  was  assisting  at  a  demonstration 
of  lead  burning,  did  not  keep  the  bellows  going 
fast  enough,  the  bellows  at  the  same  time  having 
a  defective  clack  valve  so  that  it  sucked  a  lighted 
flame  back  into  its  interior. 

If  a  light  was  put  into  a  vessel  containing  pure 
hydrogen  the  light  would  go  out,  hydrogen  not 
being  explosive  unless  mixed  with  oxygen  or 
atmospheric  air. 

To  charge  the  machine,  zinc  has  to  be  put 
mto  the  generating  chamber  as  before  described 
Iron  wire  could  be  substituted  for  the  zinc,  but 
It  is  not  quite  so  good,  and  the  gas  from  iron 
smells  more  offensive.  After  charging  with 
zinc,  dilute  sulphuric  acid  in  the  proportion  of 
one  of  acid  to  seven  or  eight  of  clean  water, 
is  poured  into  the  acid  chamber  G. 

On  opening  the  stop-cock  J  to  let  out  the  air 
in  the  bottom  chamber,  the  dilute  acid  runs  ' 


BURNING.  19 

down  the  pipe  H  and  comes  into  contact  with 
the  zinc.  The  sulphur  in  the  acid  and  the 
oxygen,  which  is  one  of  the  constituents  of 
water,  enters  into  chemical  combination  with 
the  zinc,  evolving  heat  and  setting  the  hydrogen 
free.  The  chemical  formula  for  this  change 
was  given  in  an  earlier  chapter  when  describing 
the  action  of  acids  on  metals. 

Soon  after  the  dilute  acid  is  let  down  the 
bottom  chamber  will  begin  to  get  warm  and 
hydrogen  gas  released.  If  very  little  or  no  gas 
is  being  used  it  will  generate  with  sufficient 
power  to  force  all  or  nearly  all,  of  the  dilute 
acid  back  into  the  top  or  acid  chamber.  When 
the  solution  is  all  forced  out  of  the  bottom 
chamber  the  gas  will  escape  up  the  pipe  H 
through  the  contents  of  the  chamber  G,  causing 
some  to  splash  over  the  sides. 

For  this  reason  it  is  never  safe  to  stand  over 
an  open  acid  chamber  as  injury  might  occur  to 
the  eyes  or  face.  A  heavy  perforated  lead  cap 
K  will  break  the  violence  of  the  escaping  gas. 
The  machine  should  never  be  charged  until  the 
plumber  is  ready  to  begin  burning,  otherwise 
the  gas  blows  off  and  is  wasted.  After  a  time 
the  machine  will  cease  to  generate  gas,  in  which 
case  it  is  sometimes  necessary  to  add  more 
water,  or  sulphuric  acid.  Or  perhaps  the  zinc 
may  have  become  entirely  dissolved,  and  the 
machine  want  recharging.  Or  if  the  machine 
is  placed  in  a  cold  situation  the  contents  may 
have  become  cold  and  crystalised.  All  these 
points  have  to  be  attended  to,  and  it  is  only  by 
experience  the  plumber  can  tell  what  is  required 
to  be  done  to  again  get  up  a  gas  charge. 

The  machine  should  always  be  worked  down 
before  being  left  at  meal  times,  and  kept  in  a 
warm  situation  to  prevent  the  sulphate  of  zinc 
solidifying,  but  at  night  or  other  times  when  the 
machine  is  going  to  be  left  for  some  time  before 
using  again,  the  dilute  acid  should  be  emptied 
out,  and  the  generating  chamber  well  rinsed 
with  warm  water  and  left  to  drain  empty.  The 
zinc  need  not  be  removed.  If  the  machine  is 
left  charged  the  contents  will  solidify  in  crystals 
and  it  will  sometimes  take  an  hour  or  two  and 
several  pails  of  hot  water  to  dissolve  them,  so 
that  the  machine  can  again  be  got  into  working 
order. 

The  bellows  next  claims  our  attention.  It  is 
important  that  the  air  should  be  driven  at  a 
moderate  and  equal  speed  as  it  is  very  difficult 
to  burn  well  if  the  air  is  supplied  in  puffs  or  at 
varying  pressures.  Fig.  10  is  a  sketch  of  the 
bellows  generally  used  for  lead  burning,  which 
consists  of  a  sheet  iron  cylinder,  enclosing  the 
bellows  A  worked  by  a  treadle  B.  The  upper 
portion  C  is  a  leather  chamber,  into  which  the 
air  from  A  is  forced  through  the  valve  shown  by 
dotted  lines  at  D.  The  spiral  spring  E  is  fixed 
to  exercise  a  gentle  pressure  on  the  top  of  the 
air  chamber  to  expel  the  air  through  the  pipe 
F,  to  which  is  attached  an  India-rubber  tubing 
for  conveying  the  air  to  the  breeches  pieces  of 
the  flam  jet.    Although  fitted  with  a  treadle  to 
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work  the  bellows,  as  a  fact,  the  foot  is  rarely 
used  for  the  purpose.  The  plumber's  mate 
generally  sits  on  the  top  of  the  blowing  machme 
and  works  the  bellows  by  means  of  a  strip  of 


Fig.  io. 

wood  held  in  the  hands,  and  with  which  he 
works  the  treadle;  not  giving  long  strokes,  but 
keeping  up  what  may  be  called  a  gentle  and 
regular  jog  so  as  to  keep  the  air  chamber  in  an 
equal  slate  of  distension  and  thus  ensuring  a 
regular  and  constant  stream  of  air  to  mix  with 
the  hydrogen  near  the  point  of  ignition  at  the 
nipple  or  jet.  The  plumber's  mate  has  to 
acquire  a  certain  amount  of  skill,  and  he  is 
generally  labouring  under  the  displeasure  of  the 
plumber  until  he  succeeds  in  blowing  properly. 
Nothing  annoys  a  lead  burner  more  than  to 
have  a  bad  blower  for  a  mate. 

For  large  work  it  is  convenient  to  have  a 
special  air  chamber  as  shown  at  Fig.  Ii.  This 
consists  of  a  vessel  to  hold  water  and  another 
vessel  inverted  as  shown  in  the  figure.  Air  is 
driven  by  a  bellows  through  the  pipe  G,  which 
causes  the  inverted  vessel  to  rise.  The  pipe  H 
is  connected  with  the  India-rubber  tubing  lead- 
ing to  the  flam  jet  breeches  piece.  A  stop 
should  be  fixed  to  the  floating  chamber  to  pre- 
vent its  being  lifted  out  of  the  water  if  the 
bellows  should  be  worked  too  hard.  This  air 
chamber  is  constructed  on  the  same  principles 
as  a  common  gas  holder.  Or  the  upper  cham- 
ber can  be  fixed  if  a  strong  blast  is  required.  In 
this  case  it  is  not  usual  to  put  so  much  water 
into  the  lower  chamber.  If  too  much  water  is 
put  in,  it  will  overflow  when  air  is  forced  into 


the  holder,  the  pressure  on  the  surface  of  the 
water  inside  forcing  it  down  with  a  correspond- 
ing rise  of  water  on  the  outside  of  the  inner  or 


H 


Fig.  II. 


top  chamber.  The  India-rubber  tubing  should 
be  of  vulcanised,  or  mineralised  rubber,  and 
should  be  of  a  good  sgbstance  to  prevent  kinking 
at  the  bends,  which  would  obstruct  the  free  flow 
of  the  air  and  hydrogen  gas.  The  tube  should 
be  about  |  in.  to  A  in.  in  diameter.  It  is  not 
advisable  to  use'  wire  lined  rubber,  as  the 
acid  acts  on  the  wire  and  eventually  de- 
stroys it. 

The  breeches  piece  is  shown  at  Fig.  12,  and 
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Fig. 

consists  of  a  brass  U-shaped  tube, 
branch  1,  to  which  is  attached  a  piece  of  India- 
ruliber  tube  about  2  ft.  or  3  It.  long,  so  that  the 
plumber  can  freely  move  his  flam  jet  about 


with  a 
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without  having  to  drag  the  breeches  piece  at 
every  motion  of  his  hand.  The  coci^s  J,  K  are 
for  regulating  the  supply  of  atmospheric  air  and 
hydrogen  gas  in  the  proper  proportions.  These 
proportions  can  only  be  learned  by  practice. 
The  India-rubber  tubes  L  and  M  are  connected 
with  the  gas  machine  and  air  bellows  respec- 
tively, and  are  of  a  length  governed  by  the 
position  of  the  work  to  be  burned.  For 
instance,  when  burning  a  cistern  together, 
longer  tubes  are  necessary  than  when  bench 
work  is  being  done,  as  it  would  be  inconvenient 
to  have  the  whole  of  the  apparatus  and  the 
plumber  and  his  mate  inside  the  cistern. 

Fig.  13  is  an  illustration  of  the  flam  with  the 
nipple  N.  This  consists  of  a  small  brass  jet 
with  a  hole  in  the  point  large  or  small,  accord- 
ing to  the  work  being  done.    The  nipples  screw 


off  the  brass  bent-tube,  and  can  be  changed  in  a 
few  seconds.     The  plumber  generally  carries 


these  nipples  in  his  waistcoat  pocket,  to  protect 
them  from  injury  or  being  lost.  It  is  important 
that  the  holes  in  the  nipples  should  be  perfectly 
true  and  round.  If  they  get  bruised  or  dis- 
torted it  is  difficult  to  get  a  true-pointed  flame; 
hence  it  is  difficult  to  apply  it  where  wanted, 
with  the  result  that  instead  of  a  clean  and  evenly 
burned  seam,  an  irregular  and  slovenly  looking 
one  is  made. 


LEAD  BURNING  WITH   COMMON  COAL  GAS. 


IN  some  cases  it  is  necessary  to  burn  two  pieces 
of  lead  together,  but  the  flaming  machine 
is  not  at  hand.  Or  the  work  to  be  done  is  so 
small  that  it  would  take  longer  to  make  the  gas 
than  to  do  the  work.  In  these  cases  common 
coal  gas  makes  a  very  good  substitute  for  the 
hydrogen  gas.  When  coal  gas  is  used,  a 
different  kind  of  burner  is  necessary.  With  the 
aero-hydrogen  machine  the  air  and  gas  are 
mixed  before  ignition,  but  when  coal-gas  is  used 
the  blow-pipe  is  made,  as  shown  at  Fig.  4  in  an 
earlier  chapter.  The  arm  A  is  connected  with 
a  gas  service  by  means  of  a  flexible  tubing,  the 
gas  escaping  through  the  annular  space  between 
the  nozzles  of  the  two  pipes.  The  arm  B  is 
connected  with  the  bellows  or  air  machine. 
The  supply  of  gas  and  air  is  regulated  by 
means  of  stop-cocks,  similar  to  the  burner 
shown  at  Fig.  12.  With  the  blow-pipe.  Fig  4, 
the  pressure  of  gas  from  the  company's  main  is 
sufficient,  but  the  air  blast  has  to  be  worked  at 
a  higher  pressure  By  a  careful  adjustment  of 
the  stop-cocks,  and  the  proper  burner  being 
used,  lead  can  be  burned  together  very  easily 
and  in  the  same  manner  as  with  the  aero- 
hydrogen  apparatus,  but  not  nearly  so  quickly. 
What  is  meant  by  a  proper  burner  is,  the  outer 
tube  should  be  about  ^  in.  in  diameter,  and 
the  inner  one  have  a  hole  about  the  size 
of  a  common  pin,  so  as  to  make  a  very 
sharp-pointed  flame.  If  the  gas  and  air 
are  both  highly  heated  before  issuing  from 
the  blow-pipe  a  fiercely  hot  and  pointed  flame 
can  be  had,  and  by  which  flat  burning  can  be 
done  almost  as  quickly  as  by  the  other  machine 
mentioned. 


Fig.  14  is  a  rough  sketch  of  a  hot  blast 
blow-pipe  made  for  me  several  years  ago  by  a 
plumber  who  worked  with  me  and  others  at  St. 
Thomas's  Hospital,  but  who  is  now  in  business 
for  himself  at  Torquay.  He  always  uses  this 
blow-pipe  for  lead  burning,  and  I  give  it  to  the 
students  to  practice  with  at  the  Polytechnic 
In  the  illustration  P,  is  the  wind-pipe  ;  O,  the 
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Fig.  14. 

gas-pipe  ;  and  Q,  a  Bunsen  burner  for  heating 
the  air  and  gas  as  it  passes  towards  the  burner. 
Although  the  flame  is  not  so  hot,  and  does 
not  melt  the  lead  so  quickly  as  the  aero- 
hydrogen  blow-pipe,  still  very  good  work  can  be 
done  with  it.  With  this  blow-pipe  we  use  a 
Fletcher's  bellows,  as  shown  at  Fig.  15,  and  by 
which  a  very  good  regular  stream  of  air  can  be 
had.  This  bellows  is  small  in  size  and  can  be 
easily  moved  about  from  place  to  place. 
It  can  also  be  easily  worked  by  the  plumber, 
either  with  his  foot,  or  under  his  arm,  although 
the  latter  is  very  laborious  work. 
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Lead  burning  is  not  at  all  difficult  to  do,  the 
principal  point  being  to  have  the  proper  con- 
veniences and  a  liitle  practice.  Indeed,  one 
hour^s    practice    would    teach     more  than 


Fig.  15. 

several  hours  lecturing  or  pages  of  description, 
but  a  few  remarks  may  be  of  assistance  to  the 
student. 

In  the  first  place,  pure  lead  will  burn  much 
more  easily  than  the  common  lead  which  often 
contains  an  alloy  of  other  metals  such  as  tin, 
zinc,  antimony,  &c.  Impure  lead  will  burn  up 
into  dross,  and  it  is  very  difficult  to  make  good 
work  with  it.  The  parts  to  be  joined  should  be 
fitted  tightly  together,  and  should  be  shaved 
quite  clean  and  bright,  and  to  the  size  it  is  in- 
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tended  to  make  the  seam.  The  shaving  should 
be  done  immediately  before  commencing  burn- 
ing. If  the  shaving  is  done  someiime  previous 
the  shaved  parts  will  tarnish  and  then  not  burn 
so  readily,  or  make  such  a  clean  job.  It  is  not 
necessary  to  use  any  flux  to  a  burned  up  seam. 
After  preparing  the  work  the  next  thing  is  to 
adjust  the  burner  or  blow-pipe.  After 
lighting  the  jet  it  will  generally  take  some 
little  time  to  so  adjust  the  supply  of  gas 
and  air  as  to  get  a  fine  pointed  flame  of 
the  right  size  and  colour  and  almost  free 
from  noise.  Good  burning  cannot  be  done 
with  a  large,  straggling,  roarmg  flame.  The 
only  noise  that  should  be  heard  is  a  low  gentle 
hissing  one.  When  using  coal-gas  the  flame 
will  be  as  shown  at  Fig.  14.  The  outei  flame  is 
useless,  but  the  inner  one,  which  should  be  a 
bright  colour,  between  a  green  and  a  blue,  is  the 
one  that  is  best  for  use,  the  point  at  R  being 
brought  down  onto  the  seam. 

A  strip  of  clean-shaved  lead  should  be  melted 
onto  the  seam,  so  as  to  make  it  much  stronger 
than  it  would  be  if  only  the  edges  of  the  pieces 
of  lead  were  melted  together.  This  applies  to  a 
butted  seam,  for  a  lapped  seam  the  strip  of  lead 
is  unnecessary. 

The  machine  illustrated  at  Fig.  7,  in  an  earlier 
chapter,  can  also  be  used  for  lead  burning.  I 
have  only  been  enabled  to  use  it  for  about  a 
quarter  of  an  hour,  but  I  felt  satisfied  that  with 
practice  a  fairly  good  job  could  be  made  by  its 
means. 


ON  BR 

BRAZING,  or  jointing  hard  metals  together,  is 
very  rarely  done  by  the  plumber,  but  we  will 
dwell  upon  it  for  a  few  minutes.  For  brazing 
iron  together  a  hard  solder,  composed  of  two 
parts  of  copper  to  one  of  zinc  is  generally  used. 
This  solder  is  sometimes  called  spelter.  For 
joining  copper  and  some  kinds  of  brass  work,  it 
is  necessary  to  use  a  spelter  which  melts  at  a 
lower  temperature  than  that  used  for  iron,  as  the 
copper  and  brass  both  melt  at  a  lesser  heat  than 
iron.  Zinc  melts  at  a  lesser  heat  than  copper, 
and  an  alloy  in  which  the  zinc  predominates 
melts  more  quickly  than  one  in  which  the 
copper  is  in  excess.  The  solder,  for  brass  is 
composed  of  zinc  and  copper  in  equal  propor- 
tions. When  brazing,  it  is  necessary  to  use  a 
flux  to  prevent  oxidation  of  the  parts  to  be 
joined,  and  also  assist  the  free  flow  of  the  solder 
into  the  interstices,  or  spaces  to  be  filled  up  by 
it.    The  flux  used  in  brazing  is  "  borax,"  wnich 


AZING. 

is  a  compound  of  boracic  acid  and  soda.  When 
brazing,  the  parts  to  be  joined  are  first  cleaned 
and  then  fixed  together,  so  that  they  cannot 
move  out  of  their  relative  positions.  In  some 
cases  the  fixing  is  done  by  binding  with  iron 
wires.  The  parts  are  then  sprinkled  with  the 
flux  and  granulated  spelter,  and  placed  over  a 
forge,  or  a  blow-pipe  is  used  to  give  a  blast  onto 
the  joining,  to  give  the  necessary  heat.  Some- 
times the  borax  and  spelter  are  kept  ready  mixed 
with  water,  and  a  small  quantity  is  placed  on 
the  joint.  So  soon  as  the  borax  has  disappeared 
the  spelter  will  melt  and  flow  between  the  laps, 
if  sheets  are  being  joined,  or  between  the  faces  if 
a  butt  joint  is  being  made,  when  the  work  should 
be  carefully  removed  from  the  source  of  heat. 
If  this  is  not  done,  the  joint  would  "burn,"  and 
require  re-making.  Or  if  the  work  was  made  too 
hot,  the  whole  of  it  would  melt  into  an  unshapely 
mass. 


ON  TOOLS. 
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IT  is  an  old  saying  that  a  "  bad  vvorlcnian 
always  quarrels  with  his  tools."  So  will  a 
good  workman  if  he  has  not  those  suitable  for 
doing  the  work  he  has  in  hand.  A  plumber  will 
do  more  work,  do  it  in  a  better  manner,  and  with 
less  fatigue  to  himself  if  he  has  a  good  kit  cf 
tools  and  they  are  in  proper  order.  A  piece  of 
lead  cannot  be  dressed  out  quite  flat  with  a 
dresser  which  has  a  rough  and  distorted  face, 
and  if  a  corner  is  bossed  up  with  a  bossing- 
stick  which  is  much  worn,  he  will  so  illuse  and 
to 


disfigure  the  lead 


as 


afterwards   require  as. 
much  time  to  work  out 
the  tool  marks  as  it  took 
to  boss  up  the  corner. 
All  cutting  tools,  such 
as  saws,  knives,  shave- 
hooks,  &c.,  should  be 
kept  sharp.    It  is  not 
necessary  that  the  tools 
should  always  be  quite 
new,    indeed,    a  good 
plumber     prefers  old 
ones  that  he  is  used  to 
handling.     And  again, 
most  of  the  wooden  tools 
bought   at  toolmakers 
shops  are  generally  so 
awkwardly  made,  that  a 
good  plumber  will  prefer 
to    make    for  himsslf 
those    that    he  may 
require.     Boxwood  is 
best  for  making  a  great 
many  tools.    This  wood 
can  be  bought  at  some 
places  for  i|d  to  3d.  per 
lb.     So,  for  a  shilling, 
a  piece  can  be  bought  to 
make  a  dresser  out  of, 
and  which  would  per- 
haps have  cost  half-a- 
crown  at  a  toolmaker's. 
With    this    lecture  is 
issued  a  pen  and  ink 
drawing,  illustrating 
most  of  the  tools  used 
by  plumbers. 

Fig.  16  is  a  setting-in 
stick  made  of  boxwood  and  principally  used  for 
setting-in  the  members  of  a  moulding. 

Some  plumbers  will  use  the  chase  wedge. 
Fig.  21,  for  this  purpose,  but  the  stick  is  the 
best,  as  the  grain  of  the  wood  is  lengthways  and 
doesnot  cut  the  lead  so  much  as  thechase- wedges, 
the  grain  of  which  is  endways.  Being  longer,' 
the  stick  does  not  distress  the  lead  so  much 
as  the  wedge  which  is  perhaps  only  2  in.  or  ^  in. 
Wide  on  the  face. 


Fig.  17  IS  a  dresser.  A  good  tough  piece  of 
hornbeam  or  holley  is  best  for  those  in  common 
use.  These  woods  being  rather  softer  than 
box,  tools  made  of  them  do  not  mark  and  dis- 
figure the  lead  so  much  as  those  made  of  box- 
wood. It  is  a  good  plan  to  have  hornbeam 
dressers  made  slightly  rounding  on  the  face. 
When  made  quite  straight  they  will  sometimes 
wear  hollow  on  the  face,  in  which  case  a  tool 
mark  will  be  made  on  the  lead  nt  every  stroke 
of  the  dresser.    Some  little  practice  is  required 

before  a  man  can  dress 
out  a  piece  of  lead  with  a 
dresser.  A  beginner  at 
the  trade  invariably  digs 
the  heel  of  the  dresser 
into  the  lead,  and  leaves 
a  bruise  which  can  rarely 
be  worked  out  again  so 
as  to  be  invisible. 

These  remarks  apply 
also    when  lead-pipes 
are  being  straightened 
with  a  dresser.    For  this 
purpose  a  soft  piece  of 
deal  quartering  is  best, 
the  piece  of  wood  being 
placed  on  the  pipe  and 
a    hammer    or  mallet 
used  to  hit  the  piece  of 
wood.  When  sheet-lead 
is  to   be    dressed  out 
flat  a  lead  flapper  is 
best  to  use,  as  no  tool 
marks  are   left  by  it. 
A  small  hand  dresser 
madeof  boxwood  should 
always  be  kept  with  a 
very   smooth    face  for 
planishing  bends  on  soil- 
pipes,   after    they  are 
finished,  orfor  taking  out 
tool  marks  when  a  coi  ner 
has  been  bossed-up. 

When  laying  lead  on 
roofs,  it  is  a  good  plan 
to  keep  a  very  long 
boxwood  dresser,  with  a 
straight  but  not  too 
sharp  edge,togooverthe 
.  so  as  to  leave  them  quite  straight.  As 
an  example,  to  straighten  the  arrisses  by  the 
side  of  the  rolls  on  a  lead  flat,  or  on  a  ridge  of 
a  roof.  This  could  not  be  so  well  done  with  a 
short  dresser,  or  one  that  was  not  quite  straight. 

Fig.  19  is  a  boxwood  bossing-stick,  principally 
used  for  bossing  up  corners  and  breaks,  or  for 
creasing  the  over  cloak  of  a  roll  on  a  lead  flat, 
although  in  this  case  a  piece  of  rounded  deal 
2  ft  or  3  ft.  long  is   better  than  the  bossing- 


settings-in, 
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stick  for  the  same  reasons  that  a  long  dresser 
is  recomn  ended  for  straightening  the  arrisses 
when  finishing  off  on  a  fiat. 

Fig.  i8  is  abending-sticli  made  of  boxwood 
and  used  principally  for  dressing  the  throat 
when  bending  lead-pipes. 

Fig  20  is  a  blunt-wedge,  or  drift,  principally 
used  when  working  down  gutter  drips,  or  the 
overcloak  at  the  head  of  the  rolls  on  a  lead 
flat  and  other  places. 

Fig.  21  is  a  chase  wedge,  either  blunt  or  sharp, 
and  is  used  principally  where  a  dresser  cannot  be. 

Fig.  22  is  a  bevel  drift,  and  is  used  for  work- 
ing lead  into  acute  angles.  Chase-wedges  are 
generally  made  of  soft  boxwood.  If  very  hard 
wood  is  used  the  lead  is  cut  by  them.  These 
tools  are  very  convenient  and  useful  in  certain 
places,  but  their  use  should  be  more  limited 
than  it  is.  They  are  frequently  improperly 
used,  and  excepting  when  in  the  hands  of  good 
tradesmen,  the  frequent  cause  of  birds-eyes.  I 
know  you  will  smile  when  I  tell  you  I  once  saw 
a  plumber  (?)  setting  in  the  overcloak  of  a  roll 
which  was  about  10  ft.  long,  using  a  mallet  and 
chase-wedge  for  the  purpose. 

Most  men  have  brass  or  iron  ferrules  on  their 
wedges,  but  they  are  best  without,  as  the  face  of 
the  mallet  gets  worn  and  rough  when  ferrules 
are  used. 

Fig.  23  is  a  small  boxwood -mallet  with  a 
rather  flat  face  for  using  with  chase-wedges. 
Some  plumbers  use  this  mallet  for  bossing  up 
corners. 

Fig.  24  is  a  bossing-mallet.  The  head  has 
the  sides  slightly  rounded  so  that  it  can  be 
used  sideways  when  bossing,  or  stretching  lead. 
The  faces  are  also  rounded.  Large  mallets 
made  this  shape  are  used  for  setting-in  with. 
Hammers  are  sometimes  used  for  this  purpose, 
but  a  mallet  is  best.  Should  a  hammer  be  used 
it  will  soon  destroy  or  wear  out  the  dresser,  or 
if  a  foul  stroke  is  made  the  lead  is  not  so  much 
injured  if  made  with  a  mallet. 

Fig.  25  is  a  Toinahawk-mallet.  The  head 
has  wedged-shaped  faces.  This  tool  is  some- 
times useful  in  narrow  confined  places  for 
roughly  working  down  drips  where  it  is 
impossible  to  do  thein  in  the  ordinary  way. 

Fig.  26  is  a  hammer,  as  generally  used  by 
plumbers.  The  pane  is  useful  for  driving  nails 
in  angles  or  other  similar  positions.  The  hammer 
should  always  have  a  rounded  lace  similar  to 
those  used  by  engineers.  When  hammers  have 
flat  faces,  the  edges  generally  break  off.  This 
occurs  more  especially  when  used  with  the 
chipping-knife.  Fig.  27.  This  knife  is  made  of 
steel,  and  the  handle  consists  of  two  pieces  of 
thick  leather  rivetted  on  the  blade.  Fig.  28  is 
the  ordinary  drawing  knife  for  cutting  or 
trimming  sheet-lead.  Very  little  need  be  said 
about  this  tool,  excepting  the  advice  that  the 
rivets  would  not  get  broken  so  often  as  they  do 
if  the  plumber  held  the  blade  instead  of  the 
haft  in  his  hand  when  he  uses  a  hammer  with 
it. 

Fig.  29,  30,  and  31  afe  respectively  chalk-lme 
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and  reel,  fourfold  rule,  which  is  convenient  for 
measuring  in  narrow  positions,  and  a  bevel  lor 
taking  the  angle  of  a  gutter,  or  other  position, 
prior  to  setting  out  the  piece  of  lead  for  bossing 
to  fit  the  place.  Sometimes  the  bevel  is  used 
for  taking  the  angle  of  a  bent  pipe,  but  this  way 
of  setting  out  a  bend  will  be  discussed  when  we 
come  to  geometry  for  plumbers. 

Fig.  32  is  solder  or  metal-pot.  :\  strong  one 
is  shown.  Light  three-legged  pots  are  generally 
used,  but  they  are  very  frail  and  easily  broken. 
In  addition  the  stronger  pot  will  keep  up  a  heat 
much  belter,  and  this  is  of  importance  when  the 
solder  has  to  be  carried  some  distance,  say  onto 
a  roof,  before  being  used.  A  great  many  pots 
get  broken  from  the  bad  practice  of  dipping 
them  when  hot  into  cold  water  to  cool  them. 
Fig.  33  is  a  hand  ladle.  The  handle  is  shown 
bent  under,  as  done  by  a  great  many  plumbers, 
so  that  they  can  have  a  better  grip  and  command 
over  the  ladle,  so  as  to  be  able  to  pour  a  more 
regular  stream  of  solder  on  to  their  work  or 
joints.  Some  plumbers  have  a  small  hole  in  the 
lip  of  the  ladle,  so  as  to  be  able  to  pour  a  more 
regular  stream. 

Fig.  34  is  the  ordinary  plumbers-iron.  On 
looking  at  a  plumber's  irons,  a  very  good  idea 
can  be  had  as  to  what  kind  of  a  mate  he  has  got. 
If  they  are  covered  with  scales,  or  have  the 
appearance  of  being  pockmarked,  it  shows  the 
mate  to  be  inattentive  to  his  duties,  inasmuch 
as  he  leaves  the  n  in  the  fire  too  long,  so  that 
they  get  burnt  by  being  made  too  hot.  A 
plumber  can  do  more  work  with  one  clean  iron 
than  two  dirty  ones.  The  handles  of  all  irons 
or  ladles  should  always  be  cooled  by  dipping 
them  in  water  before  giving  them  to  the 
plumber.  Neglect  of  this  is  the  cause  of  the 
muscles  in  the  palms  of  the  hands  being 
contracted,  as  is  so  often  found  amongst 
plumbers. 

Fig.  35  is  a  boxwood  tanpin.  The  top  should 
be  made  as  shown.  Without  this  it  is  difficult 
to  get  them  out  of  the  ends  of  pipes  should  they 
be  driven  in  too  far.  For  soil  and  other  large 
pipes  it  is  not  necessary  to  have  them  so  pointed 
as  the  one  shown. 

Fig.  36  is  a  rasp.  Those  used  by  plumbers 
should  have  fine  teeth,  similar  to  the  kind  used 
by  cabinet-makers.  Coarse  rasps  drag,  and 
distort  the  lead  too  much,  and  this  is  more 
noticeable  when  preparing  the  ends  of  pipes  for 
a  joint.  Rasps  frequently  get  broken,  but,  if  on 
breaking,  they  were  immediately  tinned,  using 
chloride  of  zinc  as  a  flux,  they  can  be  soldered 
together  again  with  fine  solder.  Broken  rasps 
soldered  together  in  this  manner  have  been 
known  to  last  a  long  lime. 

Fig.  37  is  a  straight  shave-hook,  and  Fig.  38 
is  a  bent  hook  for  shaving  corners  or  other 
positions  inaccessible  with  the  straight-hook. 
Fig.  39  is  a  spoon-hook  used  for  the  same 
purpose  as  the  bent-hook.  Fig.  4c  is  a  guage- 
hook  for  shaving  the  edges  of  the  lead  prior  to 
soldering  the  seam  of  a  pipe  or  other  similar 
work. 
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Fig.  41  is  a  hand-bolt  used  when  opening  a 
hole  in  the  side  of  a  pipe  prior  to  making  a 
branch  joint.  Some  plumbers  use  steel-bolts, 
but  a  good  tough  iron  one  is  best,  as  the 
hammer  does  not  glide  off  it  so  easily  as  when  a 
a  steel  one  is  used.  Neither  is  an  iron-bolt  so 
injurious  to  the  hammer  face  as  a  steel  one. 
This  tool  is  sometimes  used  as  a  tommy,  or  for 
making  a  bend  near  the  end  of   a  pipe. 

Fig.  42  is  a  hand-dummy,  the  head  being  made 
of  solder,  and  the  shaft  or  handle  of  bamboo- 
cane. 

Fig.  43  is  a  wiping  cloth.  The  plumber 
generally  requires  a  good  stock  of  these,  and 
the  sizes  varied  to  suit  all  sizes  and  kinds  of 
joints  or  seams.  Cloths  are  sometimes  made  of 
bed-tick,  but  those  made  of  fustian  or  moleskin 
are  the  best  and  last  longer.  The  cloths  should 
be  folded  and  then  sewn  as  shown  in  the 
sketch.  Pins  are  sometimes  used  to  fasten 
them  together,  but  the  solder  will  stick  to  the 
pins,  or  they  will  sometimes  get  hot  and  burn 
the  fingers.  Cloths  should  be  of  a  good  thick- 
ness to  prevent  the  hands  being  affected  by  the 
heat  of  the  solder.  Better  joints  can  be  made  with 
cloths  of  a  moderate  thickness  than  with  those 
which  consist  of  only  three  or  four  folds  of  the 
fustian. 

Figs.  44  aud  45  are  straight  and  hatchet- 
shaped  copper-bits. 

Fig.  46  is  a  pair  of  cutting-pliers  for  doing 
wire  work,  they  are  also  very  useful  when 
making  repairs  or  taking  to  pieces  the  in- 
numerable and  complicated  fittings  that  a 
plumber  has  to  do  with.  Fig  47  is  a  pair  of  two- 
hole-pliers,  which  are  very  convenient  as  pincers 
and  also  to  use  for  screwing  up  unions  where  it 
is  impossible  to  use  the  screw-hammer  shown  at 
Fig.  52. 

Fig.  48  is  a  mouth  blow-pipe  which  is  often 
found  to  be  a  useful  tool,  either  for  making  light 
joints  on  to  pipes  or  for  soldering  small  work 
where  it  is  difficult  to  make  a  wiped  joint,  or 
which  cannot  be  done  with  a  copper-bit. 

Fig.  49  is  a  pair  of  shears,  or  snips,  and 
which  it  is  unnecessary  to  remark  upon. 

Fig.  50  is  now  an  obsolete  tool  called  a  boss- 
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iron.  Some  years  ago  it  was  very  much  used 
for  cementing  the  old  square  shank  cocks  into 
their  bosses.  The  screw-boss  has  now  super- 
seded this  way  of  fixing  cocks. 

Fig.  51  is  a  long-dummy,  for  use  when 
makmg  bends  in  soil  and  other  large  sized  pipes. 
The  plumber  generally  makes  these  tools  him- 
self, using  pieces  of  iron  gas  barrel,  wiih  a  bulb  or 
head  of  solder  cast  on  them.  But  these  are  only 
makeshift  affairs,  as  the  heads  soon  work  loose, 
even  when  the  end  of  the  pipe  is  tinned  before 
casting  on  the  head.  In  addition,  as  the  shaft 
has  to  be  so  frequently  bent  and  straightened 
agam,  it  soon  breaks  near  the  head.  The  one 
llustrated  is  made  of  solid  iron  rod,  and  has  a 
bulb  of  iron  welded  on.  This  dummy  can  be 
heated,  and  then  easily  bent  to  suit  the  bends 
being  made.  It  has  also  a  bow  handle,  so  that 
it  can  easily  be  turned  in  any  direction  to  suit 
the  work  being  done.  As  an  example,  after  the 
throat  of  a  bend  has  been  worked  up,  the  pipe 
can  be  laid  on  its  side,  and  the  cheeks  worked 
out  with  the  side  of  the  dummy  instead  of  the 
point.  If  the  shaft  had  no  bow  to  grip  hold  of, 
the  dummy  could  not  be  used  sideways,  as  it 
would  slip  round  in  the  hand.  Another  advan- 
tage of  this  dummy  is,  it  can  be  heated  1  efore 
using,  and  thus  aid  in  heating  the  bend  and 
making  it  more  easy  to  work. 

Fig.  52  is  a  saw.  In  selecting  a  saw  for  use 
by  a  plumber,  one  with  fine  teeth  should  be 
chosen  in  preference  to  one  with  coarse  teeth 
which  drag  and  distort  the  pipe  ends  when  they 
are  being  sawn  off.  A  plumber's  saw  should 
also  be  of  a  good  substance  and  set  rather  wide, 
as  lead  pinches  a  saw  very  much,  especially 
when  it  is  not  very  sharp  and  drags  the  lead, 
instead  of  making  a  clean  cut.  Fig.  53  is  a 
screw-driver. 

In  this  lecture  I  may  not  have  told  old  plum- 
bers more  than  they  knew  before,  but  it  is  hoped 
that  students  may  have  gained  some  information 
of  value  to  them.  Students  will  find  it  advan- 
tageous to  frequently  sketch  the  illustrations 
which  m  this  and  all  cases  are  made  as  free 
from  complications  as  possible,  so  that  they 
may  present  no  difficulties  to  being  copied. 


TF  you  refer  to  your  syllabus  of  subjects,  you 
A  will  find  that  geometry  as  applied  to  plumbers' 
work  is  the  next  on  the  list.  This  is  really  a 
subject  of  so  much  importance  that  I  think  it 
necessary  to  dwell  upon  it  at  some  lenjjth. 
Not  that  I  am  going  to  devote  the  whole  session 
to  It  ;  there  are  several  other  matters  on  which 
I  wish  to  enlighten  you,  and  which  are  of  equal 
importance.  There  are  several  students  who 
attend  geometry  classes.  I  only  wish  they  all 
did,  as  then  my  labours  would  be  very  much 
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lightened  by  being  enabled  to  at  once  apply  the 
science  in  a  special  way  to  suit  the  requirements 
of  plumbers.  I  now  give  a  few  definitions, 
without  which  I  could  not  hope  to  make  myself 
understood,  and  would  only  help  to  make  more 
obscure  what  should  be  clear. 

A  point  denotes  position  only  and  not  size. 

A  straight-line  is  the  nearest  distance  between 
two  points.  The  extremities  of  the  .  line  being 
points.    A  line  denotes  distance  and  not  bulk. 

A  circle  is  a  bent  line  drawn  through  a  series 
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of  points,  which  are  equi-distarit  from  a  centre 
point.  I  want  this  to  be  remembered,  as  it 
will  bear  an  important  part  when  cutting  out 
lead  for  finials  and  turrets,  &c.  A  circle  en- 
closes a  space,  but  the  thickness  or  depth  of 
that  space  is  not  known  from  that  circle.  A 
sphere  is  represented  by  a  circle  because,  from 
whatever  position  a  sphere  is  looked  at,  the  out- 
line is  a  circle.  But  a  sphere  has  magnitude 
or  bulk,  and  would  have  to  be  represented  by 
two  circles,  one  showing  the  plan  and  the  other 
the  elevation  or  front  view,  as  shown  by  Fig.  54. 
where  X-Y  represents  a  ground  line  and  tlie 
circles  the  plan  and  elevation.  A  cone  would  be 
shown  on  plan  by  means  of  a' circle,  but  it 
would  not  be  known  as  a  cone  unless  an  eleva- 
vation  was  also  shown,  as  in  Fig.  55.  If  these 
figures  are  drawn  on  a  piece  of  paper  and  the 
paper  bent,  on  the  line  X-Y,  so  that  the  upper 
half  stood  upright  and  the  lower  half 
lay  horizontal,  the  horizontal  would  repre- 
sent the  plan,  and  the  upright  portion  the 
elevation  or  front  view  of  the  objects,  just  in 
the  same  way  that  an  architect  draws  the  plan 
and  elevation  to  represent  a  house,  but  shows 
them  on  a  flat  piece  of  paper. 

A  cylinder  has  circular  ends.  If  a  cylinder 
was  stood  on  its  end,  the  plan  (see  Fig.  56) 
would  be  a  circle  and  the  elevation  a  square,  if 
the  length  was  the  same  as  the  diameter  of  the 
the  ends— or  a  rectangle  or  oblong  if  length 
and  diameter  were  unequal.  But  if  the  cylinder 
was  laid  on  its  side,  with  one  end  to  view,  it 
would  be  shown  as  Fig.  57. 

An  angle  is  formed  by  the  inclination  of  two 
lines,  which  meet.    See  Fig.  58,  where  BAG 
represents  an  acute  or  sharp  angle,  B  A  D  a 
right  angle,  the  line  A  D  being  perpendicular,  or 
upright,  to  A  B.    E  A  B  represents  an  obtuse, 
or  blunt  angle.    Any  line  drawn  from  A,  but 
between  D  and  B,  would  represent  an  acute 
angle  with  A  B,  and  any  line  drawn  from  A,  but 
outside  of  D   A,  would  represent  an  obtuse 
angle,  so  long  as  it  was  above  the  horizontal 
line  A  B.    If  the  E  on  the  line  A  E  was  dropped 
until  it  formed  a  right  line  with  A  B,  it  would 
appear  as  a  straight  line,  and  not  forming  any 
angle,  but  in  theoretical  geometry  it  would  be 
considered  an  angle  of  180".    An  angle  is 
usually  described  as  being  so  many  degrees,  and 
is  shown  by  a  number,  or  figures,  with  a  small 
"  placed  at  the  end,  as  45°,  which  represents  the 
angle  CAB,  Fig.  58.    Ninety  degs.  represents 
a  right  angle  or  square,  as  D  A  B,  Fig.  58.  Any 
of  you  who  has  a  complete  set  of  drawing 
instruments  will  find  amongst  them  a  small 
ivory,  or  boxwood  scale,  called  a  protractor,  and 
on  one  side  you  will  find  the  degrees  marked  for 
setting  out   any  angle.    These  degrees  are 
worked  out  by  describing  a  circle  of  any  size, 
the  larger  the  better,  and  then  dividing  the  circle 
into  360  equal  parts.    Each  one  of  these  parts 
is  called    a  degree.    Lines  drawn  from  the 
divisions  of  the  circle  to  the  centre  represent 
the  angles.    Degrees  are   sometimes  divided 
into  parts  called  minutes,  and  these  minutes  are 
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again  divided  into  parts  called  seconds.    Any  of 
you  who  has  not  a  protractor  can  make  one  as 
follows  :  Take  a  stout  piece  of  drawing-paper  and 
draw   a   semi-circle,   or    half-circle,    to  any 
I'adius,    as   shown   at    Fig.    $q.    Divide  the 
semi-circle  by  raising  the  perpendicular  A  B. 
Sub-divide  the  quarter  circle,  D,  B,  into  nine 
equal  parts,  and  draw  lines,  radiating  from  A, 
and  cutting  the  circle  at  the  division  marks. 
Each    one    of    these    lines     represents  an 
angle  of   10°.      Divide  the   other  quadrant 
of   the    circle,    in    the    same     way,  and 
then  subdivide  all  the    divisions    into  ten 
equal    parts,  and    then    the    protractor  is 
ready   for    use.     The    use    of    the  pro- 
tractor   is  as  follows: — Supposing  you  were 
setting    out     a    roof,    and    were  instructed 
that  the  slope  of  the  roof  was  to  be  68".  First 
of  all,  draw  a  base  Ime  to  represent  where  the 
roof  starts  from;  say  the  top  of  the  tie  beam  of 
the  principal  rafter,  if  it  is  to  be  a  timbered  roof. 
At  the  extremity  of  the  line  place  A,  on  the  pro- 
tractor, the  bottom  edge  of  the  protractor  being 
even  with  the  base   line  from  which  you  are 
working.    Then  make  a  mark  on  your  drawing- 
paper,  where  68  on  the  protractor  comes.  A 
line  drawn  from  this  mark  to  the  position  A  will 
represent  the  slope  or  inclination  of  the  roof 
Other  ways  of  using  this  instrument  could  be, 
given,  but  this  one  illustration  is  sufficient  for 
our  purpose.    Another  way  to  set  out  angles  is 
by  using  a  scale  of  chords.    Those  of  you  who 
have   protractors  will  find  a  scale  of  chords 
marked  on  them.    But  for  the  sake  of  those 
who  have  not  this  scale,  I  will  illustrate  how  to 
make  one.  Describe  a  semi-circle  to  any  radius, 
and  draw  a  horizontal  line  as  shown  at  A  B, 
Fig.  6a    Divide  one-half  of  the  semi-circle  into 
nine  equal  parts,  as  was  done  in  Fig.  59,  and 
then  divide  the  other  half  in  the  same  way.  With 
A  as  centre  draw  circles  from  those  divisions  to 
the  base  line  which  will  then  be  the  scale  of 
chords.    To  set  out  an  angle  by  means  of  this 
scale,  first  draw  a  base  line.    Then  with  the 
compasses  take  oflthe  chord  A  60,  and  describe 
a  section  of  a  circle,  radiating  from  the  extremity 
A  of  the  base  line,  see  Fig.  61.    If  the  angle  is 
to  be  one  of  30"  (or  any  other  number  of  degrees) 
set  the  compasses  to  that  number,  in  this  case 
30"  and  with  B  as  a  centre  cut  the  first  arc  drawn, 
which  will  be  at  C.    Draw  a  line  from  A  through 
C,  and  that  will  be  the  angle  required. 

It  is  very  rarely  that  a  plumber  gets  detail 
drawings  for  his  work,  but  as  a  rule  he  has  to 
prepare  it  from  those  supplied  to  the  builders. 
As  these  drawings  are  usually  made  to  a  scale, 
less  than  full  size,  it  is  important  for  the  work- 
man to  know  what  is  meant  by  working  to  scale. 
Drawings  are  invaribly  made  to  some  standard 
dimensions  which  bear  a  relative  proportion  to 
the  size  of  the  work  when  executed.  Builders 
drawings  are  generally  made  to  some  fiaction 
of  a  foot,  the  foot  being  divided  into  inches  and 
these  inches  are  sub-divided  into  halves,  quarters 
and  eighths.  Drawings  made  to  a  6  in.  scale 
means  they  are  half  full  size.    A  3  in.  scale  is 
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called  i  scale,  that  is  to  a  scale  of  a  quarter  of  a 
foot.  One-and-a-half  inch,  called  i,  scale  is  a 
very  good  size  for  small  details.  This  is  a  very 
easy  scale  to  work  to,  as  by  it  the  workman  can 


represent  scale  inches.  One  of  the  commonest 
scales  in  use  on  buildings  in  i-48th,  that  is,  a 
scale  in  which  ^  of  an  inch  will  represent  one 
foot.    Til  is  scale  is  often  improperly  called  i 
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Use  his  pocket  rule.  When  this  scale  is  used 
the  J  of  inches  will  represent  inches.  When  a 
scale  of  i-i2th  is  used  the  inches  on  the  scale 
must  be  divided  into  twelve  equal  parts  to 


scale.  Most  of  the  drawings  for  large  buildings 
are  made  to  a  scale  of  i-96th,  that  is,  J  of  an 
inch  equals  one  foot.  In  some  cases  other  scales 
are  used  and  if  these  are  not  shown  on  an 
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ordinary  rule  a  special  one  has  to  be  made. 
For  temporary  use  one  can  be  made  on  a  stiff 
piece  of  cartridge  paper.  As  an  example  say 
a  drawing  has  to  be  made  to  a  scale  of  ^  of  an 
inch  to  a  foot,  or  a  workman  has  to  execute 
some  work  the  drawing  for  which  is  made  to 
that  scale.  First  draw  a  straight  line  any  length 
and  meas  ire  on  this  line  |  in.  and  repeat  this 
measurement  indefinitely  to  represent  feet.  See 
Fig.  62.  From  A  draw  a  line  at  any  angle,  less 
than  a  right  angle  and  any  length.  Then  with 
the  compasses  mark  on  this  line  12  equal  parts. 
Draw  a  straight  line  from  the  last  division  to 
the  first  mark  of  feet  as  shown  at  B  C.  Draw 
lines  parallel  with  this  one  from  the  other 
division  lines  when  A  C  will  be  divided  into  12 
equal  parts  which  will  represent  inches.  Other 
scales  can  be  made  in  the  same  way  but  this  one 
illustration  is  sufficient  to  expjain  the  method  of 
construction. 

When  taking  out  the  quantities  prior  to 
estimating  for  the  lead-work  on  a  roof,  some 
little  difficulties  present  themselves  as  to  the 
exact  length  of  some  of  the  pieces  of  lead.  For 
instance,  the  hip  of  a  roof  is  never  shown  its 
exact  length  in  either  the  plan,  elevation,  or 
section  drawings.  Let  Fig.  63  represent  part  of 
a  plan  of  a  hipped  roof.  A,  B  being  the  ridge, 
A,  C  and  A,  D  being  the  hips.  The  solution  of 
this  problem  is  shown  geometrically  at  Fig.  64. 
Let  the  line  E,  F  represent  the  plan  of  the  hip. 
Now  the  top  end  of  the  hip  is  higher,  above  the 
horizontal  plane,  than  the  other  end.  This 
height  would  have  to  be  measured  from  a 
drawing,  showing  a  section  of  the  roof.  In  the 
above  case  it  would  be  found  on  the  orawing  on 
which  the  architect  shows  how  he  wishes  the 
principal  rafters,  &c.,  to  be  constructed.  In 
some  cases  the  side  gutters  and  parapets  are 
shown,  so  that  the  exact  height  of  the  ridge 
above  the  side  gutters  can  be  measured.  When 
this  height  is  known,  the  distance  can  be  pro- 
jected above  X,  Y,  as  shown  by  dotted  lines 
E,  G,  Fig.  64.  A  line  drawn  from  G  to  X,  Y 
immediately  over  F  is  the  exact  length  of  the 
line.  Now  to  apply  this  to  the  roof.  From  the 
hip  A,  D  raise  a  perpendicular  line,  as  shown  by 
dotted  lines  A,  H,  Fig.  63.  On  this  line  mark 
off  from  A  the  height  the  top  end  of  the  hip  is 
above  a  horizontal  line  drawn  from  D.  Say  this 
height  is  equal  to  I,  a  line  drawn  from  I  to  D 
represents  the  real  length  of  the  hip.  If  the 
student  takes  a  small  set  square,  and  stands  it 
on  one  of  its  square  edges,  that  edge  will 
represent  the  plan  of  the  hip.  The  upright  edge 
will  represent  the  height  of  the  top  of  the  hip 
above  a  horizontal  plane  on  which  the  set 
square  stands.  The  slant  side  of  the  set  square 
will  represent  the  length  of  the  hip,  but  this 
cannot  be  shown  on  paper,  unless  the  set 
square  is  laid  down  flat,  which  can  be  done  to 
illustrate  what  is  meant.  Now  instead  of  using 
a  set  square,  we  set  out  two  lines  at  right  angles 
to  each  other,  and  of  the  length  required.  A 
line  drawn  from  the  extremities  of  these  lines  is 
the  real  length  required.    This  problem  can  be 


solved  mathematically  as  follows — Say  the  plan 
of  the  line  A,  D  measures  10  ft.,  and  the  vertical 
height  of  A  above  D  is  6  ft.  The  rule  to  work 
from  is  this.  The  square  root  of  the  sum  of  the 
squares  of  a  right-angled  triangle  is  the  length 
of  the  Hypotenuse;  in  this  case  the  slant  side. 
So  that 

10'  or  10 X  10=  100 
and  6^   or     6x  6=  36 


1 1 7  feet  nearly 
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So  we  find  that  the  real  length  of  the  hip  is 
lift.  8  in.  nearly.  When  cuttmg  out  the  lead 
for  a  hip  a  few  inches  should  be  allowed  at  each 
end  for  working  over  the  roll  ends.  The  real 
length  of  valley  gutters  can  be  found  in  the 
same  manner.  Flashings  at  the  ends  of  sloping 
roofs  next  chimneys,  or  at  the  sides  of  skylights 
can  never  be  taken  directly  from  the  roof  plan 
of  a  house,  but  must  be  set  out  before  the  exact 
lengths  can  be  found.  When  taking  out  the 
lead  quantities  for  a  very  large  roof,  it  is  a  good 
plan  to  make  a  small  scale  show  on  a  horizontal 
line,  and  another  line  to  represent  the  angle  of 
inclination  of  the  roofs,  as  shown  by  Fig.  65. 
The  scale  being  made  the  same  as  that  to  which 
the  drawings  are  made.  Supposing  it  is 
required  to  find  the  length  of  a  piece  of  step 
flashing  by  the  side  of  a  chimney.  With  the 
compasses  take  off  the  apparent  length  as 
shown  on  the  roof  plan;  place  one  leg  of  the 
compasses  at  K,  and  where  the  other  leg  comes 
on  K,  L,  raise  a  perpendicular  line  until  it  cuts 
K,  M.  The  distance  from  this  point  to  K  is 
the  length  of  the  piece  of  lead.  This  can  be 
found  by  describing  an  arc  with  K  as  a  centre, 
from  the  point  found  on  K  M  down  onto  the 
scale  K,  L.  An  .example  is  worked  out. 
Supposing  a  piece  of  lead  measures  8  ft.  on  the 
roof  plan,  the  real  length  will  be  found  to  be 
9  ft.  2  in. 

It  is  unnecessary  to  pursue  this  subject  any 
further,  as  the  examples  given  will  cover  most 
of  the  work  found  on  an  ordinary  sloping 
roof. 

When  cutting  out  sheet-lead  for  covering 
dormer  cheeks  it  is  usual  to  first  make  a 
wooden  template  to  the  exact  size  of  the  cheek, 
the  template  being  then  laid  on  the  sheet  of 
lead  and  scribed  all  round.  Margins  beyond 
these  scribings  are  then  marked  to  certain 
widths  for  the  lead  to  be  creased  or  folded  for 
turning  round  the  edges  of  the  dormer,  or  lay- 
ing on  the  slates.  Fig.  66  is  a  sketch  of  a 
common  kind  of  window  dormer,  and  usually 
fixed  for  lighting  the  rooms  when  situated  im- 
mediately inside  the  house  roof.  A  is  the  cheek 
as  commonly  called.    Now  if  the  lengths  of  the 
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sides  of  the  cheeks  are  known  that  is  ail  the 
information  that  is  required.  No  matter  what 
kind  of  a  triangle  is  shown  by  the  dormer  side, 
if  the  lengths  of  the  sides  are  laid  down  properly 
\ 

\H 


the  roof  6  ft.  long.  These  are  the  exact 
dimensions  of  the  cheek,  but  it  is  usual  to 
allow  I  in.  to  turn  on  the  top  edge,  for  nailing 
to  the  woodwork  ;  3  in.  on  the  front,  for  nailing 
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they  will  form  a  triangle  of  the  exact  shape  and 
sue  required.  As  an  example,  let  the  dormer 
be  4  ft.  long  on  the  top  edge,  5  ft.  high  on  the 
front  edge,  and  the  slant  side  which  lays  on 
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and  also  for  turning  a  fiat  or  single  welt  over 
the  nail-heads  ;  and  6  in.  on  the  slant  side  for 
laying  on  the  slates.  To  set  out  the  lines  for 
cutting  out   the   piece  of  lead,  first  strike  a- 
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chalk  mark  6  in.  from  the  edge  of  the  sheet, 
which  is  supposed  to  be  rolled  out  ready  oa  the 
floor.  See  Fig.  67.  On  this  line  mark  two 
points,  6  ft.  apart,  the  length  of  the  slant  side. 
With  the  point  A  as  a  centre,  and  a  radius  of 

5  ft.,  describe  an  arc,  and  with  the  point  B  as  a 
centre  and  a  radius  of  4  ft.  the  length  of  the 
top,  describe  an  arc  cutting  the  first  one  at  C. 
Draw  lines  to  connect  the  points  and  others 
parallel  with  them  on  C,  A,  3  in.  away,  and 
C,  B,  I  in.  away.  The  lead  to  be  cut  out,  using 
the  outside  lines  as  the  guide. 

In  actual  practice  it  would  be  found  best  to 
work  from  the  line  C,  A,  as  the  angle  C,  A,  B  is 
nearly  a  right  angle,  and  would  more  nearly  fit 
the  angle  of  the  sheet  of  lead,  and  so  avoid 
cutting  to  waste  the  corner  marked  X.  When 
the  piece  of  lead  has  been  cut  out  it  should  be 
turned  the  other  side  uppermost,  when  it  can 
be  used  as  a  pattern  for  cutting  out  the  other 
cheek  for  the  dormer.  Or  both  pieces  of  lead 
could  be  cut  out  alike,  but  one  would  have  to  be 
turned  before  using. 

It  is  important  that  the  above  description 
should  be  strictly  adhered  to,  and  the  mistake 
would  not  then  be  sometimes  made  of  cutting 
out  the  piece  of  lead  too  small,  I  .find  it 
necessary  to  make  these  remarks,  as  in  practice 
plumbers  will  sometimes  add  the  various 
dimensions  together,  and  then  use  those 
dimensions  for  cutting  out  the  piece  of  lead. 
In    the    above    case    the  slant   side  being 

6  ft.  +  I  in.  +  3  in.  =  6  ft.  4  in.  This  is  considered 
as  the  length  of  that  side.    The  front' side  is 

5  ft. +  6  in.  +  I  in.  =  5ft.  7  in.     The  top  edge  is 
4  ft  +3  in. +6  in.  =4  ft.  q  in. 

Fig.  68  is  drawn  to  scale.  The  firm  lines 
showing  the  size  the  lead  would  be  if  properly 
set  out,  and  the  dotted  lines  the  size  and  shape 
it  would  be  if  the  dimensions  were  added 
together.  From  this  can  be  seen  the  glaring 
error  above  mentioned  as  sometimes  occurring. 

When  cutting  out  lead  for  the  gutters  of  a 
house  the  same  mistake  is  repeatedly  made. 
These  gutters  are  generally  cut  out  about  i  in. 
too  narrow  at  one  end  and  ^  in.  too  wide  at  the 
other  end.  To  explain  this,  we  will  assume  a 
gutter  to  be  7  ft.  long  in  the  sole;  6  in.  is  to 
stand  up  at  the  top  end,  and  4  in.  to  work  down 
into  a  drip  at  the  other  end.  The  gutter  is 
I  ft.  6  in.  wide  at  one  end,  and  i  ft.  at  the  other. 
In  addition,  6  in.  is  to  stand  against  a  wall  and 
9  in.  lay  up  the  root,  and  beneath  the  slates. 
If  we  add  the  various  dimensions  together,  we 
get  for  the  length  7  ft.  +  6  in.  +  4  in.,  or  a  total  of 

7  ft.  10  in.    For  the  wide  end  we  git  I  ft.  6  in. + 

6  in. +  9  in.  =  2  ft.  gin.,  and  for  the  narrow  end 
1  ft. +  6  in. +  9  in.  =  2  ft.  3  in.     The  length  of 

7  ft.  10  in.  can  be  set  out,  but  the  width  of  2  ft. 
gin.  must  be  measured  at  a  distance  of  6  in. 
from  the  end,  and  not  on  the  extremity  of  the 
piece  of  lead.  The  width  2  ft  3  in.  should  be 
measured  at  a  distance  of  4  in.  from  the  other 
end.  The  student  is  invited  to  set  out  the 
above  lines  on  a  floor,  and  then  note  the 
difference. 
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So  much  sheet-lead  is  cut  to  improper  shapes 
and  sizes,  not  only  wasting  the  material,  but 
giving  extra  trouble  to   the   workman,  that 
another  example  is  given  to  further  illustrate  the 
above  problems.    Fig.  69  is  a  plan  of  a  lead 
flat,  the  bays  of  which  discharged  into  a  gutter. 
The  width  between  the  rolls  averaged  2  ft.  9  in. 
— the  undercloaks   were  3  in.,  and  6  in.  was 
required  to  fold  over  the  rolls,  to  form  what  is 
commonly  called  the  overcloak.    We  will  only 
deal '  with  one  of  the  bays.    On  one  side  of  the 
bay  the  roll  was  7  ft.  long,  and  on  the  other  side 
it  was  8  ft.  long  ;    6  in.  and  4  in.  at  the  ends 
respectively  were  required  to  stand  up  against  a 
wall  and  to  drip  into  the  gutter.    The  lead 
should  be  set  out  to  the  width  required.    In  the 
above  case  2  ft.  9  in. +  3  in. +  6  in.  =  3  ft.  6in., 
but  the  lengths  would,  generally  ■  speaking,  be 
improperly  accepted  in  the  same  way,  namely, 
8  ft.  +  6  in.  +  4  in.  =  8  ft.  10  in.,  and  7  f t  +  6  in. 
4in.  =  7fr.  loin.    Fig.  70  shows  the  shape  of  the 
piece  of  lead,  if  cut  out  to  the  above  dimensions, 
and  the  dotted  lines  where  the  lead  would  be 
bent  up  or  creased  for  bossing.    The  chain  line 
shows  the  shape  of  the  bevelled  end  of  the 
piece  of  lead  if  it  was  improperly  cut  out,.as 
explained  above. 

Lead  Cesspools. 
As  an  economy  of  time,  a  lead  cesspool  is 
generally   soldered  in  the  angles,  instead  of 
being  bossed  up.    But  for  a  cesspool  to  fit,  the 
lead  must  be  cut  out  to  the  exact  size,  and  to 
the  shape  of  the  intended  position  of  the  cess- 
pool   Supposing  one  has  to  be  made  to  fit  at 
the  end  of  a  parapet  gutter  and  next  to  a  party 
wall.    The  cesspool  to  be  i  ft.  wide,  i  ft.  6  in. 
long,  6  in.  deeper,  but  the  sides  to  stand  up 
even  with  the  sides  of  the  gutter,  and  one  side  of 
the  cesspool  to  lay  up  a  sloping  roof  to  6  in. 
beneath  the  slates,  the  springing  under  the  eaves 
couise  of  slates  being  the  usual  height  of  3  in. 
above  the  sole  of  the  gutter.    The  cesspool, 
when  made,  will  be  as  shown  at  Fig.  71.  Now, 
if  we  add  the  various  dimensions  together,  they 
will  be  found  to  be  as  follows  :— i  in.  to  lay  on 
the  gutter,  6  in.  deep  at  the  drip,  i  ft.  6  in.  the 
length,  and  i  ft.  to  stand  against  the  party  wall, 
or  a  total  of  3  ft.  i  in.    The  width  of  the  lead 
will  be  I  ft.  against  the  wall,  i  ft.  the  width  of 
cesspool,  6  in.  depth  next  the  roof,  3  in.  up  to 
the  springing,  i  in.  the  height  of  the  springing 
and  6  in.  to  lay  under  the  slates,  or  a  total  of 
3  ft.  4  in.    So  the  piece  of  lead  would  require  to 
be  3  ft.  I  in.    3  ft.  4  in.    Flap  the  lead  out  quite 
smooth,  and  set  out  the  lines  as  shown  at  Fig. 
72,  to  the  dimensions  given  above.    The  chain 
lines  represent  where  the  lead  is  to  be  creased 
or  folded,  and  the  dotted  arcs  show  the  parts 
that  will  come  together  when  bent  up  prior  to 
soldering.    The  rake  or  slope  of  the  roof  must 
be  taken,  and  marked  on  at  A.  This  is  necessary 
in  all  cases,  as  the  pitch  of  roof  varies  very 
much.    In  some  cases,  cesspools  come  in  the 
centre  of  a  range  of  gutters  in  which  case  it  is 
necessary  to  prepare  both  ends  as  shown  at  B, 
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Fig.  72.  The  small  piece  left  on  at  D  is  useful 
as  a  tack  to  fold  over  the  edge  of  the  gutter 
when  that  is  being  laid,  and  so  hold  it  firmly 
down  while  the  plumber  is  working  the  drip  end 
down  into  the  cesspool.  In  some  cases  a  cess- 
pool has  to  be  made  to  fit  a  position  where  a 
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FIG.  76. 

brick  or  stone  angle  projects.  To  fit  a  position 
of  this  kind,  the  lead  has  to  be  cut  out  rather 
dififerently.  As  an  economy  of  time,  we  will 
assume  that  one  has  to  be  made  to  the  same 
idmensions  as  the  last  one,  but  to  fit  a  4iin. 
angle,  projecting  in  front  of  the  party  and 


parapet  walls,  say  at  C,  Fig.  72.  The  lead,  as 
cut  out,  would  appear  as  shown  at  Fig.  73.  In 
this  case,  part  of  the  soldering  would  be  in  the 
bottom,  as  shown  from  E  to  F. 

It  is  here  necessary  to  explain  that  upright 
sides  of  cesspools  should  always  be  squared 
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from  the  folding  line  of  the  bottom.  Let  Fig. 
74  represent  a  cesspool,  the  dimensions  of 
which  are  the  same  as  those  given  for  Fig.  71, 
excepting  that  the  acute  angle  projects  4  in. 
beyond  a  square  line  drawn  from  A,  and  as 
shown  by  dotted  lines.    The  lead,  as  cut  out, 
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would  appear  as  shown  by  the  Fig.  in  which  the 
lines  B,  C  and  D,  E  must  be  drawn  at  nght 
angles  to  the  folding  line,  B,  D.    The  side  that 
lays  up  the  slope  of  the  roof  must  also  be  cut,  as 
shown  at  F,  to  suit  the  acute  angle,  which  is 
supposed  to  represent  the  party  wall  of  the  next 
house,  and  which  is  continued  fiom  the  cesspool 
to  the  ridge  of  the  roof.    The  lines  for  setting 
out  cesspools  of  various  shapes  and  sizes  could 
be  criven  to  an  almost  interminable  extent,  biit 
only  one  more  example  will  be  given.    In  this 
case  an  octagonal  building  had  a  roof,  which 
sloped  from  the  outer  walls  to  a  common  cess- 
pool fixed  in  the  centre  of  the  valleys  formed  by 
the    roof.    The    cesspool    was    i  ft.  across, 
measured  between  the  straight  sides  and  the 
sides  laid  i  ft.  6  in.  up  the  slope  of  the  roof. 
The  roofs  were  fixed  with  a  slope  of  60  degs.  In 
actual  practice,  all  dimensions  would  be  taken 
from  the  roof  itself,  but  we  will  here  treat  it  as  a 
geometrical  problem.    To  do  this,  so  as  to  be 
able  to  take  actual  measurements,  we  must  show 
the  angle  of  slope  of  the  roof  and  also  a  front 
view,  so  as  to  get  the  width  of  one  of  the  sides. 
Let  Fig  75  represent  a  plan  of  the  valley  of  the 
roof.    On  one  side,  say  at  A,  B  draw  an  X,  Y. 
On  this  at  C  draw  a  line  at  60  degs.  with  X,  Y 
On  the  inclined  line  mark  off  i  ft.  6  in.,  and 
project  this  line  as  shown  across  the  side  of  the 
roof,  which  is  in  front  view  from  E  to  !• .      1  le 
distance  between  the  valley  lines  represents  the 
actual  width  of  lead  to  be  cut  out  to  fit  those 
positions.    The  piece  of  lead  will  be  found  to  be 
an  octagon,  which  measures  4  ft.  between  any 
two  of  the  parallel  sides.-    Flap  out  the  piece  of 
lead,  find  the  centre,  and   describe   a  circle 
which  is  I  ft.  in  diameter.    On  this  circle  draw 
an  octagon,  the  sides  of  which  are  tangental  to 
thecircre,asshownby  Fig.  76.    This  octagon 
will  represent  the  bottom  of  the  cesspool,  t  rom 
the  centres  of  the  sides  raise  perpendiculars, 
and  mark  off  i  ft.  6  in.  on  each     Through  each 
of  these  marks  draw  lines  parallel  with  those  o. 
the  octagon  which  represents  the  bottom.     i  he 
distance^E,  F,  Fig.  75,  is  the  length  that  these 
last  lines  should  be  made,  so  that  half  he 
distance  E,  F  marked  off  on  each  side  of  he 
perpendicular  shown  on  Fig.  76,  will  give  the 
actual  width  of  the  lead  at  those  points.  Draw 
lines  from  these  points  to  the  angles  of  the 
octagon,  and  the  sides  of  the  cesspool  are  set 
out  ready  for  cutting.    In  the  figure  it  is  he 
shaded  parts  that  are  cut  out.    In  all  the  illus- 
trations of  cesspools  that  have  been  given  it  is 
usual  to  leave  i  in.  on  one  of  each  of  the  sides 
forming  an  angle  to  turn  up.    This  turn  tip  is 
on  the  outside  of  the  angle,  and  is  to  hold  the 
sides  together,  as  well  as  to  prevent  the  solder 
running  through  when  they  are  being  wiped. 
I?  cesspools  ar^e  carefully  cut  out,  the  lead  can 
be  soiled  and  shaved  before  being  bent  or  folded 
up  o  the  required  shape  ready  for.  soldering 
By  a  careful  study  of  the  examples  given  abme 
the   student    will   be  enabled   to   adapt  the 
principles  to  roof  cesspools  of  any  shape  or  size, 


also  to  cut  out  sheet-lead  for  lining  cisterns, 
sinks,  and  similar  fittings. 

On  Turrets,  Spires, 
Plumbers  have  so  often  to  cover  turrets,  finials, 
and  spires,  that  it  is  here  thought  necessary  to 
aive  a  few  illustrations  showing  how  to  cut  out 
the  lead  with  the  least  amount  of  waste  of 
materials  or  of  the  workman's  time. 

In  cases  where  the  apex  or  summit  only  is  to 
be  covered  with  lead  in  one  piece,  which  has 
to  be  worked  down  to  fit  its  position,  it  is  diffi- 
cult to  lay  down  a  hard  and  fast  rule  for  cutting 
out  the  lead,  for  the  reason  that  some  men  will 
work  the  lead  very  differently  to  others.    As  an 
example,  supposing  the  shape  is  a  cone  and  has 
to  be  covered  tor  a  distance,  measured  from  the 
point  and  on  the  slant  side,  of  3  ft.  6  in.  _  Some 
men  will  cut  out  the  piece  of  lead  7  ft.  m  dif- 
meter.    In  working  the  lead  down  they  will  do 
it  in  such  a  way  as  to  considerably  thicken  it. 
Other  men  would  cut  out  the  piece  of  lead  only 
c  ft  in  diameter,  but  by  careful  manipulation, 
instead  of  thicking  the  lead,  would  keep  it  an 
even  or  equal  thickness  throughout  and  thus 
have  plenty  of  material  to  cover  the  cone  the 
same  distance  down  as  the  other  man  who 
used  a  much  larger  piece  of  lead. 

In  some  cases  where  no  objection  is  raised  to 
having  a  seam  in  the  lead,  it  can  be  cut  out  and 
folded  and  a  burnt  seam  made  to  join  the  two 
edges,  or  the  edges  can  be  welted  together  in 
their  position.  , 
I  et  Fit^  77  represent  the  apex,  of  a  round 
turret,  to' be  covered  with   lead.    The  turret 
measures  3  ft-,  though  at  the  Point  near  the 
bottom  edge  of  the  lead  and  the  slant  side 
measures  4  ft-    Make  a  triangle  on  the  sheet  of 
lead  to  the  sizes  given.     Drive  a  clout  nail 
through  the  lead  at  A,  and  with  the  chalk  line 
and  a  piece  of  pointed  chalk  describe  a  circle 
as  shown  by  faint  lines.    In  an  earlier  lecture  it 
was  stated  that  a  circle  was  aline  drawn  through 
a  series  of  points  which  were  equi-distant  from 
a  centre  point.    The  same  rule  holds  here. 
The  bottom  edge  of  the  cone  is  equidistant  from 
the  apex  or  centre  point      that  the  circle  shovvn 
by  faint  lines  contains  all  the  points  of  the 
bottom  edge  of  the  piece  of  lead.    But  a  disc  of 
metal  is  not  required  only  a   portion  being 
necessary.    The  next  thing  is  to  find  the  sue 
wlnted,and  that  will  be  fo^^^  by  measuring 
round  the  turret  at  the  point  B,  C.    In  the 
absence  of  the  actual  thing  for  us  to  measure  we 
must  get  at  the  length   mathematically.  The 
nile  for  this  is,  multiply  the  diameter  by  3-1416 
and  that  gives  the  circumference.    So  we  have 
X.  X  3-I4I6,  and  we  get  9-4248  or  a  little  over 
of    5  in.:  which  should  be  measured  on  the 
?ircle  shown  by  faint  li"es.    1  his  is  best  done 
by  measuring  only  a  short  distance  at  a  time. 
In  this  case  a  pair  of  compasses  set  to  3  m.  and 
stepped  on  the  faint  line  37  times  and  then  i  m. 
deducted  from  the  last  measurement  would  give 
very  nearly  the  e..act  size  of  the  piece  of  lead. 


GEOMETRY  AS   APPLIED   TO  PLUMBING. 


33 


To  save  time,  lessen  the  liability  to  error  and 
also  to  be  more  exact  the  compasses  could  be 
set  to  I  in.  and  measured  on  the  faint  line  twelve 
times,  the  compasses  could  then  be  set  to  this 
dimension  and  stepped  on  the  line  eight  more 
times  and  then  add  on  the  odd  5  in.  The  lead 
should  then  be  cut  out  on  the  circle,  and  also 
the  lines  A,  D,  and  A.  E.  If  the  edges  A,  D,  and 
A,  E,  are  to  be  jointed  by  means  of  a  welled 
seam,  i  in.  should  be  left  on  one  side  and  2  in. 
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on  the  other  for  the  seam.  If  the  edges  are  to 
be  burned  or  soldered  together  the  lead  should 
be  cut  out  on  the  lines  first  given. 

In  some  cases  turrets  are  covered  with  a 
series  of  pieces  of  lead  arranged  as  aprons, 
the  top  pieces  overlapping  those  beneath  them 
as  shown  by  Fig.  78.  These  pieces  of  lead  can 
be  cut  out  in  the  same  manner  as  described  for 
Fig.  77,  with  the  exception  that  as  the  pieces 
are  not  required  to  extend  to  the  summit  other 
circles  have  to  be  drawn,  which  will 
represent  the  top  edges  of  the  aprons.    In  the 


figure  the  firm  line  circles  represent  the  bottom 
edges  and  the  dotted  line  circles  the  top  edges 
of  the  pieces  of  lead.  The  pieces  of  lead  can 
be  cut  out  and  any  fancy  design  set  out  on  them, 
and  the  exposed  edge  trimmed  before  fixing, 
thus  giving  an  ornamental  appearance.  Fig.  78 
shows  alternate  courses  of  straight  and  van- 
dyked  lead  aprons.  On  large  turrets  it  will  be 
found  impossible  to  get  sheets  of  lead  large 
enough  for  cutting  out  the  pieces  as  shown  at 
Fig.  78.  These  turrets  require  special  treat- 
ment and  will  be  dealt  with  in  my  next  lecture, 
when  the  dotted  lines  radiating  from  the  centre 
will  be  referred  to. 

It  will  elucidate  the  last  problem  to  give  a 
further  example  which  the  student  can  at  once 
work  out  for  himself.  Each  section,  if  the 
turret  was  cut  through  on  the  various  horizontal 
lines,  would  represent  the  frustrum  of  a  cone, 
that  is  a  body  the  ends  of  which  are  circles 
concentric  to  each  other  and  have  flat  top  and 
bottom  surfaces  parallel  to  each  other,  as 
shown  in  elevation  at  Fig.  79.  Assuming  this 
to  be  a  bowl  4in.  deep,  loin.  across  the  top,  and 
6  in.  across  the  bottom.  To  cut  out  the  piece 
of  sheet  metal  to  form  this  bowl,  first  continue 
the  slanting  sides  until  they  meet  at  G.  With 
G  as  a  centre,  and  G,  H  as  a  radius,  describe 
a  circle  as  shown.  With  G,  I  as  a  radius 
describe  another  circle.  Find  the  circumference 
of  the  outer  circle  as  described  fcr  Fig.  78,  and 
draw  lines  from  the  outer  points  to  G.  Outside 
ot,  but  parallel  with  these  last  lines,  measure  off 
sufficient  to  form  a  lap,  or  welt,  or  for  dovetail- 
ing if  the  seam  is  to  be  brazed  together.  If  the 
bowl  is  to  be  made  of  copper  or  other  hard 
metal  sufficient  should  be  left  on  the  outer 
circle  for  turning  over  a  wire,  and  on  the  inner 
circle  for  turning  in  for  brazing,  or  outwards  for 
welting,  to  the  bottom. 

If  a  trumpet-mouthed  waste-pipe,  or  a  taper- 
ing-pipe of  any  description,  has  to  be  made  out 
of  sheet-metal,  the  elevation  should  be  first 
drawn  to  the  full  dimensions,  and  then  the 
cutting-out  lines  found  in  the  same  manner  as 
the  bowl  shown  at  Fig.  79.  The  student  can 
assume  some  such  piece  of  work,  and  after 
deciding  upon  the  dimensions  can  set  out  the 
necessary  lines  on  a  piece  of  cardboard  or  stiff 
paper,  after  which  he  can  cut  it  out  and  fold  it 
and  thus  test  the  correctness  of  the  problem. 

In  my  last  lecture  I  described  how  to 
cover  a  turret  with  pieces  of  lead  arranged 
as  a  series  of  aprons.  We  will  now 
consider  how  to  cut  the  sheet  metal  for 
covering  the  same  turret  with  lead  shingles, 
or  pieces  of  lead  arranged  in  the  same 
manner  as  slates.  The  whole  of  the 
lines  necessary  for  use  will  be  found  on  Fig.  78. 
First  set  out  the  lines  as  if  aprons  were  to  be 
fixed.  Then  divide  the  bottom  circle  into  a 
number  of  equal  parts.  The  spaces  being  equal 
to  the  width  it  is  intended  the  shingles 
are  to  be.  From  the  points  made  on 
the  outer  circle  draw  lines  to  the 
apex     or     centre     point,     as     shown  by 


34 


LECTURES  TO  PLUMBERS. 


dotted  lines  on  the  right-hand  section  of  Fig. 
78     The  spaces  between  these  hnes  show  ttie 
width,  and  between  the  bottom  firm  hne  circle 
and  the  dotted  line  circle  just  above  the  second 
firm  line  circle  shows  the  length,  of  the  pieces  of 
lead,  and  also  the  curves  necessary  for  cutting 
out  the  ends.     Fig.  80,  which  is  drawn  to  a 
larger  scale  than  Fig.  78,  shows  the  shape  of  the 
piece  of  lead  as  cut  out  to  represent  one  shingle 
and  which  can  be  used  as  a  pattern  for  the  rest 
of  the  bottom  course.    The  next  row  of  shingles 
will  be  narrower  than  the  first  row,  so  they  must 
be  cut  out  by  using  the  next  series  of  lines, 
shown  in  Fig.  78.    If  the  shingles  are  to  have 
pointed  bottom  ends,  the  corners  can  be  cut  oH 
as  shown  by  the  dotted  lines.    If  they  are  to 
look  like  leaves  they  would  be  cut  as  shown  by 
thick  line.    Fig.  81  is  a  fragment  of  a  turret, 
showing  how  they  are  arranged.    I  he  laps  are 
generally  about  ^  in.,  that  is,  the  bottom  course 
extends  beneath  the  course  immediately  above 
it  and  3  in.  beneath  the  second  course,  in  the 
same  manner  that  slates  are  fixed  on  a  rooL 
When  fixing  lead  shingles  the  top  edge  should 
be  let  into  the  woodwork  the  thickness  of  the 
lead,  so  as  to  avoid  any  unsightly  bumps  at  the 
laps.    Shingles  should  be  fastened  on  with 
copper  nails  as  iron  ones  rust,  so  that  the  heads 
fall  off— a  better  way  for  fixing  is  to  leave  a  tack, 
as  shown  at  A,  Fig.  80,  to  pass  through  a  saw 
cut  in  the  boards.    This  tack  being  turned  down 
inside  the  turret  and  nailed,  but  it  is  not  possible 
,0  do  this  in  all  cases,  as  the  plumbers  cannot 
get  inside  by  reason  of  its  smallness  and  the 
timbering  to  which  the  boards  are  nailed. 

In  some  cases  turrets  standing  on  round 
bases  have  rolls  extending  the  lengths  of  the 
sloping  sides,  as  shown  at  Fig.  82.  The  lead 
for  these  turrets  would  be  set  out  in  the  same 
manner  as  if  they  were  going  to  be  covered 
with  one  piece,  and  then  divided  into  sections 
with  allowances  made  for  the  undercloaks  and 
overcloaks  of  the  rolls.  As  it  is  almost  impossible 
to  work  the  top  ends  of  the  lead  bays  into  the 
acute  angles  formed  by  the  intersection  ot  the 
rolls  it  is  sometimes  found  in  practice  best  to 
let  the  rolls  terminate  at  the  thick  line.  Fig.  »2, 
and  then  have  a  capping  piece  worked  down  on 
the  terminal  so  as  to  cover  the  top  part  and 
extend  a  few  inches  over  the  tops  of  the  bays  and 

the  roll  ends.  ■  u  ,    j  • 

Turrets  are  sometimes  covered  with  lead  in 
small  bays,  the  rolls  forming  the  bays  being 
laced  Fig.  83  shows,  by  plan  and  elevation, 
two  ways,  in  which  this  is  sometimes  done. 
The  left  half  shows  the  diagonal  rolls  meeting 
at  a  straight  roll,  and  the  right  half  the  lacing 
intersections  being  at  or  near  the  centre  ot  the 
bay  between  the  rolls.  •    •    c  » 

To  cut  out  the  lead  for  these  bays  it  is  first 
necessary  to  set  out  the  plan  and  elevation. 
First  make  a  circle  of  the  same  size  as  the  base 
of  the  turret.  Divide  this  circle  into  the  same 
number  of  parts  it  is  intended  there  shall  be 
bays.  For  our  present  purpose,  we  will  assume 
there  will  be  twelve  rolls,  extending  from  the 


base  to  the  apex,  thus  making  twelve  bays  or 
spaces  between  the  rolls.    Above  the  circle  or 
plan  draw  an  X,  Y,  and  project  the  divisions  of 
the  circle  on  to  that  line,  as  shown  by  doited 
lines.    Continue  the  centre  line  to  an  indefinite 
height,  and  mark  off  on  this  line,  measuring 
from  the  X,  Y,  the  height  of  the  turret.  From 
this  point  draw  lines  to  the  base  points,  as  pro- 
jected from  the  plan  to  represent  rolls.    On  the 
extreme  edge  of  the  elevation,  which  represents 
the  side  of  the  turret,  set  oat  the  lengths  it  is 
intended  the  diagonal  rolls  are  to  be  apart,  and 
also  the  distances  it  is  intended  the  rolls  shall 
slope,  these  latter  distances  being  then  projected 
horizontally  onto  the  next  roll    running  from 
base  to  apex,  after  which  the  diagonal  lines  can 
be  drawn.    Project  the  lines  made  on  the  outer 
edge  of  elevation  onto  the  line  A  on  plan,  as 
shown  by  faint  lines,  and  with  a  pair  of  com- 
passes and  C  as  a  centre,  describe  semi  circles 
from  the  points  on  A  C,  as  far  as  the  ime  L,  L. 
These  circles  will  cut  the  lines  D,  C,  and  t,  C, 
and  then  firm  lines  can  be  drawn  as  shown  to 
represent  the  diagonal  rolls  on  the  plan.  After 
setting  out  the  plan  and  elevation  as  described, 
we  can  proceed  to  cut  out  the  pieces  of  lead,  as 
follows,  but  it  must  be  first  explained  that  the 
lengths  are  to  be  taken  from  the  elevation,  and 
the  widths  from  the  plan,  about  one-seventh 
being  added  to  the  latter  dimension  to  allow  for 
the  rounding  shape  of  the  turret.   Let  F,  G,  H,  1, 
Fi^^  84,  represent  a  piece  of  lead,  out  of  which 
thlbay  J,  Fig.  83,  is  to  be  cut.    The  total  length 
of  this  will  be  found  by  projections  onto  the 
outside  of  the  elevation,  and  as  represented  by 
the  dotted  lines  K  and  L,     Draw  lines  on  the 
piece  of  lead  the  same  distance  apart  as  K,  L 
measured  on  the  sloping  side  of  Fig.  83-  0" 
these  lines  are  the  extremities  of  the  bay.  Next 
project  the  other  two  corners  of  the  bay  as 
shown  by  M  and  N,  and  mark  on  the  piece  of 
lead  similar  lines,  and  measured  m  the  same 
manner  as  K  and  L.    We  have  now  got  four 
lines  on  Fig.  84,  which  contains  the  four  corners 
of  the  bay  of  lead.    From  the  plan  take  the 
dimension  O,  P  measured  across  the  circle,  add 
one-seventh  to  this,  and  transfer  it  on  the  line 
K  Fig.  84,  the  points  being  equi  distant  from 
the  centre  line  Q,  R.    Next  take  fi;om  the  plan 
the  distance  S,  T,  with  one-seventh  added,  and 
mark  this  distance  on  the  line  L,  Fig.  84,  as 
described  for  the  last  dimension.    The  other 
two  corners  to  be  measured  in  the  same  manner 
from  the  plan,  and  transferred  to  the  piece  of 
lead  as    shosvn  at  U,  V,  W,  X.     XVe  have 
now  got  eight  points  marked  on  the  lines 
K,  M,  N,  and  L,  but  only  four  are  required.  A 
glance  at  the  elevation  will  show  which  hey 
Ire  when  lines  can  be  drawn  to  connect  them 
together  to  represent  the  shape  of  the  P>ece  of 
lead    Outside  of  these  lines,  and  parallel  with 
them,  should  be  marked  the  distances  necessary 
for  the  lead  to  fold  round  to  cover  the  rolls. 
The  usual  allowance  is  3  to  4  in.  for  the  under- 
cloaks, and  6  or  7  in.  for  the  overcloaks.     1  his 
is  a  very  good  geometrical  problem,  the  student 
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can  make  a  cone  out  of  a  piece  of  cardboard, 
set  out  on  it  lines  to  represent  the  rolls,  and 
then  cut  out  pieces  of  paper  by  the  method 
above  shown  and  thus  test  its  accuracy.  When 
one  piece  of  lead  has  been  cut  out  it  can  be 
used  as  a  pattern  for  other  pieces  for  fixing  in 
similar  positions,  but  as  the  turret  becomes 
smaller  as  it  goes  upward  it  will  be  necessary 
to  set  out  each  horizontal  series  of  bays 
separately. 


side  the  figure  as  shown  by  dotted  lines,  when 
the  pieces  of  lead  can  be  laid  over  the  firm  lines 
and  a  chalked  line  used,  the  ends  being  held 
on  the  dotted  lines,  when  the  shape  and  size 
will  be  marked  on  the  lead.  Margins  should 
then  be  measured  from  the  above  lines  to  form 
the  undercloaks  and  overcloaks  of  the  rolls. 

By  a  careful  study  of  the  above  problems  the 
whole  of  the  pieces  of  lead  can  be  cut  out  for  a 
turret  so  it  is  unnecessary  to  work  out  any 
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In  practice  the  plumber  would  be  able  to  take 
his  dimensions  from  the  actual  turret,  the  lines 
he  would  then  want  would  be  one  for  the  base, 
and  two  others  for  the  rolls  running  from  top 
to  bottom,  as  shown  by  Fig.  85,  and  thus  repre- 
sent one  series  of  bays.  The  diagonal  rolls 
should  also  be  marked  as  shown  in  the  figure, 
the  whole  being  set  out  full  size  on  the  floor  or 
bench.    All  the  1  ines  should  be  continued  out- 


B 

FIG.83 

further  examples.  It  has  now  only  to  be  stated 
that  when  the  diagonal  rolls  are  intersected 
between  the  vertical  rolls,  or  arranged  in  any 
other  manner  the  whole  of  the  lines  for  cutting 
out  the  pieces  of  lead  can  be  found  in  the  same 
manner  as  described  above,  the  only  variation 
being  that  the  lines  of  projection  would  be  as 
shown  on  the  right-hand  portion  of  Fig.  83,  if 
the  rolls  were  arranged  as  there  shown. 
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On  Domes. 

Small  domes  can  be  covered  >vith  one  piece 
of  lead,  it  only  being  necessary  to  /"t  o"t  a 
round  piece,  lay  it  on  the    op,  ^oss  ^ 

work  down  the  sides  until  they  fit  ^  Y  ^o 
the  rounded  surface  of  the  dome  But  for  a 
dome  or  hemisphere  of  a  large  size,  the  lead 
has  te  be  put  on  in  pieces  in  the  same  manner 
as  described  for  a  conical  turret,  the  on  y 
diftereSce  being  that  the  jead  -ust  be  cut  o 
fit   the  rotundity  of  the  object.    Let  Hg.  bO 


renresent  the  plan  and  elevation  of  a  hemi- 
sphere or  dome,  which  is  to  be  covered  with 
Seces  of  lead,  the  edges  of  which  are  made 
weather-tight  by  folding  them  over  rolls.  We 
wilf  trea  this  as  a  geometrical  problem  and 
Sstif  aU  construct  a  drawing  which  will  be  an 

=^|^sroTa.r  diawl  Srclfifrepresent  the 

centre  of  the  P^^"  ,  °"  "^J'^^se  set  to  the 
this  as  a  centre,  and  the  compa« 

-S^J^Srre^  H^^^ 
S-to^^y%rbero\^p:?rs^Si» 


distance  from  each  other.    The  floser  these 
^..rki  are  together  the  more  exact  will  be  ihe 
drawing  when  finished,  but  if  too  many  dmsions 
IIa^  ihP  lines  will  be  so  close  together  as 
rie'dt  ctl  "stk  so  we       assume  say  sj. 
nroD  oroiectors  from  these  marks  down  to  the 
S  ck  line  on  the  plan  as  shown.    With  one  eg 
of  the  compasses  placed  in  the  centre  of  the 
p  an  describe  circle's  cutting  these  latter  point  • 
Now  oo  back  to  the  elevation  and  draw  hori 
zoS  afnnes  from  the  points      the  circle  A  to  B 
right  across  as  shown  by  dotted  '""    We  now 
rake  nroiectors  irom  the  circles  cutlmg  tne 
O  S,  sS  on  the  left  half  of  the  plan,  unt. 
they  cut  the  horizontal  projectors  on  the  eleva 
tfon.    Through  the  points  of  '"A^-f  ^^,1 
two  sets  of  projectors  draw  lines,  wmcn  wm 
Ipres^it  ?he'po^ition  of  the  rolls  as  seen  from 

a  front  view.    These  lines  f^^-"".  "°  Ceehand 
circle,  so  they  have  to  be  di;awn  in  by  freehana 
giving  them  gentle  curves  between  the  points_ 
fn  Fig  86  only  one  half  of  the  number  of  rolls 
s  shown  on  the  elevation  for  the  sake  of  k^^ep^ 
in<^  free  from  a  contusion  of  lines.    To  make 
hfs  oroblem  clear  I  will  describe  in  detail  two 
S'th^Tot  as  seen  on  the  left  Jajd  side  of  the 
elevation.  Taking  the  roll  marked  C,  A  on  pian_ 
Raise  a  projector  from  the  outer  circle  at  C  on 
to  XYth  swill  represent  the  bottom  end  of 
Se^olL    Raise  anotLr  P/ojector  from  the  nex^ 
circle  on  the  plan  where  it  cuts  the 
untn  it  ?uts      bottom  line  of  projection  m  the 
SatSon.    Raise  another  Foje^tor  from  he 
second  circle  where  it  cuts  C,  A  o"  P\^tl"7j;^. 
cuts  the  second  line  of  projection   n  the  ekva 

perhaps  be  rendered  more  clear  still  I  " 

Jofizontal  line,  as  at  F.  He  could  ^fn  d^op  a 
perpendicular  line  down  to  a  point  below  A  on 

the  centre  ot  the  plan  perpel^dlculars 
?pa  e  ec,.,al  to  tl^e  firs,  one  c,,n^d  U     be  nrarUd 
.     rut  conldVe  d"rop'  S'  onto  V  plan  and 
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radiating  lines  (here  sometimes  spoken  of  as 
rolls),  at  the  points  cut  by  the  circle,  onto  the 
elevation  would  represent  the  bottom  ends  of 
the  rolls  should  the  elevation  be  cut  off  at  the 
line  G.  These  operations  could  be  repeated 
until  the  whole  figure  was  constructed.  The 
dotted  line  A,  H,  will  be  referred  to  in  the 
next  lecture. 

We  will  now  proceed  to  explain  how  to  cut 
out  the  lead  bays  for  the  dome.  Open  out  the 
sheet  of  lead  and  draw  a  line  on  it  the  same 
length  as  A  to  B  on  the  elevation  of  Fig.  86. 
For  our  present  purpose  we  will  assume  the 
dotted  lines  A,  H  on  plan  to  be  the  plan  of  the 
line  we  are  using  to  work  from.  Divide  the 
line  drawn  on  the  sheet  of  lead  into  the  same 
number  of  divisions,  and  to  the  same  dimen- 
sions as  those  marked  on  the  outer  surface  of 
dome  as  shown  A  to  B.  This  is  illustrated  by 
dotted  lines   Fig.  87.     With  the  compasses 


I 


outer  circle  of  the  plan  and  mark  this  dimension 
on  the  bottom  line  of  Fig.  87.  Measure  the 
next  circle  Fig.  86  in  the  same  way,  and  transfer 
the  dimensions  to  the  second  line  from  the 
bottom  Fig.  87.  The  next  dimension  to  be 
taken  from  the  third  circle  on  plan  and  marked 
on  the  third  line  of  Fig.  87,  and  so  on  for  the 
other  circles.  The  seventh  line  Fig.  87  contains 
the  extremity  or  the  highest  point  of  the  dome. 
Firm  lines  are  now  to  be  drawn  through  the 
points  found  on  Fig.  87,  and  these  lines  will 
represent  the  true  shape  of  the  bay  of  lead. 
Margin  lines  must  now  be  drawn  parallel  with 
the  last  ones  at  distances  of  4  in.  and  7  in. 
respectively  for  lapping  over  and  round  the  rolls. 
These  last  lines  are  shown  by  faint  lines  on  Fig., 
87.  The  piece  of  lead  can  then  be  cut  out  and 
used  as  a  pattern  for  the  other  bays. 

For  very  large  domes  the  bays  would  of 
necessity  require  several  pieces  of  lead  to  cover 
them.  In  these  cases  it  is  best  to  set  out  one  bay, 
to  its  full  size,  on  the  floor,  and  divide  this  into 
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the  spaces  it  is  intended  the  sizes  of  the  pieces 
of  le.id  shall  be.  These  sizes  can  then  be 
transferred  to  the  lead,  and  margins  left  on  the 
ends  for  the  horizontal  lappings.  In  actual 
practice  it  will  be  found  necessary  to  set  out 
two  sets  of  bays — for  the  reason  that  the  lap- 
pings should  not  all  come  at  the  same 
horizontal  line  in  all  the  bays,  thus  causing 
four  thicknesses  of  lead  to  lap  round 
the  rolls  and  make  unsightly  looking  bumps  at 
the  points  of  the  lapping.  If  this  problem  is 
studied  the  student  can  apply  it  to  cutting  out 
lead  shingles  or  any  other  shaped  pieces  ot 
metal  for  covering  a  dome.  Before  leaving  the 
subject  of  a  dome  it  is  necessary  to  say  that 
when  one  is  being  covered  with  bays  of  lead  the 
pieces  of  lead  have  either  to  be  hollowed  on 
the  back  side  to  fit  the  rotundity  of  the  body  to 
be  covered  or  else  the  outer  edges  dressed  or 
worked  down  with  the  same  object.  In  practice 
the  latter  course  is  usually  followed,  as  by  doing 
so  the  substance  of  the  lead  is  not  reduced  in 
any  part.  The  only  difficulty  that  presents 
itself  is  the  parts  that  stand  up  for  folding  over 
the  rolls.  These  stand  up  parts  should  be  folded 
down  flat,  until  the  lead  has  been  dressed  to  fit 
the  dome,  and  then  worked  up  afterwards  and 
folded  over  the  rolls.  The  subject  of  turrets 
and  domes  could  be  continued  to  a  much  greater 
extent  and  examples  given  of  those  that  stand 
on  square,  hexagonal,  octagonal,  or  any  other 
shaped  bases;  but  the  problems  given  will  to  a 
certain  degree  apply  to  all  cases.  The  only 
difference  being  that  with  flat  sided  figures 
fewer  lines  are  necessary  for  developing  the 
figure  as  a  drawing,  or  for  cutting  out  the 
metal  for  covering  it.  And  neither  is  it  neces- 
sary to  allow  for  the  rounding  shape  of  a  turret, 
on  a  square  or  octagonal,  base  as  for  one  that 
is  round  on  plan.  The  same  remarks  apply  to 
domes.  In  working  out  certain  problems  it  is 
sometimes  convenient  to  assume  that  a  conical 
turret,  or  a  round  based  dome  is  a  figure  with 
many  sides,  and  this  will  be  referred  to  when  we 
come  to  measuration  of  surfaces. 

We  will  now  consider  how  to  cut  out  a  piece 
of  lead  for  a  terminal  of  a  roof.  Let  Fig.  88 
represent  the  plan  and  side  elevation  of  one,  at 
the  end  of  the  ridge  of  a  roof,  and  a  piece  of 
lead  is  wanted  for  covering  the  top  part.  In 
some  cases  a  piece  of  lead  could  be  rut  out, 
laid  on  the  top  and  then  worked  down  to  fit 
closely  to  the  sides,  but  in  the  case  of  a  large 
finial,  a  deal  of  labour  and  hard  work  would 
be  saved  by  cutting  out  the  lead  and  folding  it 
round  the  finial.  To  cut  out  the  piece  of  lead 
we  will  at  first  assume  that  we  are  dealing  with 
a  turret  standing  on  a  square  base,  and  set  out 
the  side  which  represents  the  end  of  the  build- 
ing. The  dimensions  to  be  taken  from  Fig.  88. 
From  plan.  Fig.  88,  measure  the  hne  A,  B,  and 
draw  this  line  on  a  piece  of  lead.  Raise  the 
perpendicular  C,  D,  from  the  centre  of  the  line 
and  mark  off  a  distance  equal  to  C,  D,  Fig.  88. 
This  distance  being  from  the  bottom  edge  of 
the  lead  to  the  centre  of  the  tree  of  the  finial. 
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With  D  as  a  centre  Fig.  89,  and  A  as  a  radius, 
describe  a  circle  as  shown  by  dotted  lines. 
Mark  off  on  this  circle  two  distances,  E  and  F, 
equal  to  A  B,  and  join  the  points.  Measure  on 
these  lines  the  distances  A,  E,  and  B,  F,  Fig.  88. 
The  three  lines  E  A,  A  B,  and  B  F,  will  then 
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represent  the  bottom  edge  of  the  lead  on  the 
three  sides  of  the  roof.  On  E  and  F,  respec- 
tively, raise  perpendicular  lines  to  represent  the 
ends  of  the  piece  of  lead  laying  on 
the  sides  of  the  roof.  With  D  as  a  centre, 
describe  a  circle  equal  to  the  diameter  of  the 
tree  or  post  of  the  finial  at  a  point  about  3  in. 
above  the  level  of  the  ridge  of  the  roof. 
This  circle  must  not  be  cut  out,  but 
the  lead  must  be  bossed  out  to  the  size 
shown  by  the  circle.  Lines  should  be  projected 
across  the  elevation  of  Fig.  88  so  that  we  can 
measure  the  distance  of  the  part  G  above  the 
bottom  edue  of  the  piece  of  lead.  This  distance 
can  then  be  marked  off  on  the  perpendicular 
lines  E  and  F,  Fig.  89.  Beyond  these  distances 
a  few  inches  should  be  left  for  lapping  or  fold- 
into  a  welt  on  the  ridge  roll.     In  practice  it 


will  be  found  best  not  to  cut  this  part  too  exact 
as  a  little  spare  lead  is  found  to  be  useful  for  the 
plumber  to  work  into  the  hollow  neck  G,  Fig. 
88.  The  bottom  edge  of  the  piece  of  lead 
could  be  vandyked  or  trimmed  to  any  fancy  de- 
sign, or  the  angles  could  be  trimmed,  as  shown 
by  thick  dotted  lines,  to  lay  on  the  hips  ol  the 
roof,  presuming  the  roof  is  a  tiled  one,  or  has 
secret  hips,  but  if  hip  rolls  are  used  the  lead 
should  be  worked  round  the  rolls  first  and 
trimmed  afterwards  so  as  to  leave  a  straight  in 
distinction  to  a  ragged  edge. 

If  the  upper  portion  of  the  tree  is  tapering 
and  long,  the  lead  could  be  cut  out  as  described 
when  writing  on  Fig.  79.  But  if  an  ornament 
of  a  simple  kind  is  fixed  the  lead  should  be  cut 


out  circular  and  worked  down  over  the  orna- 
ment. When  an  elaborate  finial  is  fixed  it  is 
more  a  question  of  skill  in  manipulating  the 
lead  than  cutting  out  the  metal  to  cover  the 
finial. 

So  that  it  shall  not  be  overlooked  at  a  future 
time  I  think  it  best  to  here  state  that  all 
lappings  should  be  weathered,  that  is,  so 
arranged  that  no  rain-water  could  pass  between 
them.  In  Fig.  88  the  ridge  lead  should  be  put 
on  first,  and  the  turn-up  against  the  finial  should 
be  let  into  a  rebate  equal  to  the  thickness  of 
the  lead.  The  finial  apron  should  then  be  fixed 
so  as  to  lap  over  the  ridge  lead.  The  top  edge 
of  the  finial  apron  should  also  be  let  into  the 
woodwork  beneath,  and  the  tree  of  the  finial 
covered  afterwards.  In  all  cases  the  appearance 
of  lead  work  on  roofs,  &c.,  is  much  improved  if 
the  undercloak  of  all  passings  or  laps  is  let  in  a 
distance  equal  to  the  thickness  of  the  lead. 
With  these  remarks  we  may  leave  geometry  as 
applied  to  roofs,  but  if  there  is  any  part  that  I 
have  not  touched  upon,  and  on  which  you  wish 
for  further  information  I  shall  be  pleased 
to  help  you  to  the  best  of  my  abilities. 
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WE  will  now  describe  how  to  set  out  the  lines 
for  working  to  when  making  bends  in  lead 
pipes.  This  problem  is  so  easy  and  simple  that 
1  am  sure  those  who  have  been  in  the  habit  of 
making  wooden  patterns  or  templates  will  for 
the  future  adopt  the  more  simple  one  which  I 
will  now  explain.  Supposing  a  4  in.  lead 
socket-pipe  has  to  be  made  with  two  bends  in  it 
to  pass  through  a  gin.  wail.  First  of  all  draw 
two  chalk  lines  on  the  bench,  and  9  in.  apart 
to  represent  the  thickness  of  the  wall.  From 
one  line  measure  say  3  in.,  so  that  the  joint  of 
the  socket-pipe  to  the  cesspool  shall  not  come 
close  to  the  wall,  and  draw  another  line  parallel 
with  the  others.  If  the  outer  end  of  the  socket- 
pipe  is  to  enter  an  iron  down-pipe  g  in.  should 
be  left  for  the  thickness  of  the  iron-pipe  socket, 
so  draw  another  line  f  in.  away  from  the  other 
line  representing  the  wail.  After  deciding  what 
fall  or  pitch  the  sloping  part  of  the  pipe  is  to 
have  that  should  be  marked  on  the  drawing; 
4  in.  should  be  measured  from  the 
two  outside  and  also  the  sloping  line,  to  repre- 
sent the  diameter  of  the  pipe,  and  a  line  drawn 
through  these  points  to  represent  the  pipe.  Fig. 
90  will  explam  the  details.    If  bends  have  to 
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be  made  for  a  pipe  fixed  on  one  face  of  the  wall 
to  pass  through  and  be  continued  on  the  other 
face  of  the  wall  the  distances  3  in.  and  f  in.  in 
last  figures  should  be  omitted.  The  required 
lengths  of  the  ends  beyond  the  bends  should  be 
exactly  measured  and  the  bends  drawn  rounded 
either  by  free  hand  or  the  aid  of  a  pair  of 
compasses.  No  matter  what  position  a  bend 
has  to  be  made  to  fit,  that  position  should 


always  be  drawn  full  size,  and  then  the  pipe 
drawn  as  it  would  appear  in  that  position.  If 
the  pipe  is  then  bent  to  suit  the  drawing  it  will 
be  fo:upd  to  fit  the  place  it  is  intended  for. 
The  dotted  lines  on  the  side  of  the  bent-pipe 
Fig.  90  will  be  referred  to  in  the  next  lecture. 

In  some  cases  it  is  necessary  to  inake  two 
drawings  to  represent  the  bends  when  two  or 
three  S're  required  to  be  made  in  one  piece  of 
pipe.    Let  Fig.  91  represent  a  plan  of  a  pipe 
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bent  to  pass  round  a  projection  from  a  building, 
such  as  a  chimney-stack.  This  pipe  should  be 
fixed  with  a  fall  towards  the  outlet,  but  the  plan 
does  not  show  this,  so  it  will  be  necessary  to 
draw  an  elevation  of  the  pipe  as  shown  by  Fig. 
92.    In  this  pipe  four  bends  are  necessary,  but 
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only  two  are  shown  on  the  plan,  the  other  two 
and  also  the  real  length  and  slope  of  the  pipe, 
are  shown  in  the  elevation 
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One  more  illustration  is  given.  Let  Fie.  93 
represent  the  plan  of  a  pipe  to  fit  round  an 
angle  of  a  building,  one  end  being  continued 
upwards  and  the  other  one  downwards.  In  this 
case  three  drawings  are  necessary,  one  for  the 
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plan  and  two  views  or  side  elevations. 
The  simplest  way  to  get  over  this,  is 
to  select  a  corner  of  the  workshop  or 
other  position  that  is  of  a  suitable  angle,  and 
measure  irom  tne  corner  on  each  side  wall  the 
distance  the  vertical  pipes  are  from  the  corner. 
In  this  case  the  dimension  should  be  measured 
on  the  outside  of  the  bend  shown  in  Fig.  93. 

Fig.  94  is  a  sketch  view  of  an  angle  of  a  room 
ard  The  doited  lines  show  the  setting  out  for 
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the  vertical  pipes  The  necessary  fall  for  the 
pipes  should  then  be  drawn  and  the  pipe 
mkrked  out  full  size,  as  shown  m  the  ill"stra- 
lion    The  student  will  notice  that  the  bend  A 


Fio-.  93,  appears  to  be  a  right  angled,  or  square, 
bend  but  on  referring  to  Fig.  94,  he  will  see  that 
it  is  an  obtuse  bend.    If  the  work  is  set  out,  as 
shown  by  Fig.  94,  the  plan,  Fig.  93  would  be  of 
no  use  as  a  working  drawing.    When  making 
these  bends,  it  will  be  found  advantageous  to 
make  the  bend  A,  Fig.  94,  first,  and  the  other 
two  afterwards.    After  making  the  first  bend, 
the  pipe  should  be  held  on  the  lines  on  the 
walls,  and  the  points  B  and  C  marked  on  the 
pipe  as  the  position  for  the  other  bends,  in 
practice  it   is  found  necessary  to  make  the 
marks  B  and  C  about  i  in.  nearer  the  eiids  of 
the  pipes,  for  the  reason  that  when  bends  are 
being  made,  and  all  the  dummying  done  from 
one  end,  the  bend  appears  to  be  driven,  so  to 
speak,  further  inwards,  or  from  the  end,  ana 
thus  the  distance  between  the  bends  gets  too 
short     This  really  arises  from  the  contraction 
of  the  lead  in  the  throat  of  the  bend.    As  an 
illustration,  supposing  a  bend  is  made  on  a  piece 
of  4in.  pipe,  \shich  is  aft.  long,  when  finished, 
ifitoperly  made  the  bend  would  measure  2  ft. 
on  the  outside,  but  considerably  less  on  the 
throat  or  inner  side.  .  . 

In  some  parts  of  the  country  it  is  usual  for 
plumbers  to  make  bends  out  ot  two  pieces  of 
sheet  lead  and  then  solder  them  together  ;  the 
seams  being  as  shown  by  dotted  lines  on  the 
side  of  the  pipe  Fig.  90.  AH  the  lines  necessary 
for  setting  out  the  work  are  shown  on  the  same 
figure  For  bends  similar  to  those  shown  by 
Figs  92  and  94  it  is  very  difficult  to  make 
them  out  of  two  pieces  of  sheet  lead  and  in 
practice  it  is  usual  to  make  the  various  bends 


separately  and  solder  them  together  afterwards. 
This  is  rather  a  bungling  way  of  getting  over 
the  difificulty,  and  there  is  no  doubt  that  it  will 
drop  into  disuse  now  that  plumbers  are  getting 
to  be  very  proficient  in  the  art  of  bending 
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lead-pipes  to  fit  into  any  position.   In  some 
cases  the  pipe  is  made  out  of  one  piece  of 
sheet  lead,  a  seam  soldered  on  the  side  and  the 
pipe  then  cut  and  soldered  so  as  to  form  an 
elbow,  but,  where  possible,  it  is  always  the  best 
method  to  make  bends  instead  of  elbows, 
Where,  in  the  absence  of  the  necessary  con- 
veniences for  bending  pipes,  an  elbow  has  to 
be  made,  the  lines  should  be  set  out  as  shown 
by  Fig.  95.    In  this  case  we  will  assume  an 
elbow  has  to  be  made  to  an  angle  of  135  degs. 
First  make  a  straight  line  on  the  bench  or 
floor,  and  then  by  the  aid  of  a  protractor,  or  a 
scale  of  chords  as   explained   in   an  earlier 
lecture,  set  out  the  angle  required  and  draw 
another  line.    These  two  lines  will  represent 
one  side  of  the  elbow  when  finished.  Two 
other  lines  should  now  be  drawn  parallel  with 
the  last  two,  and  at  a  distance  from  them  equal 
to  the  diameter  of  the  pipe  out  of  which  the 
elbow  is  to  be  made.    The  pipe  should  then  be 
laid  between  one  pair  of  the  lines,  and  the 
points  A  and  B  marked  on  the  pipe,  which 
should  then  be  laid  between  the  other  two  lines 
still  keeping  the  point  B  on  the   pipe  over 
point    B    on    the    lines.      A   should  then 
be   marked  on   the  pipe  as  it  lays  in  its 
new  position.     If  the  wedge-shaped  piece  is 
now  sawn  out,  the  pipe  bent  round  it  will  be  the 
angle  required.    It  is  usual  to  allow  about  ^  in. 
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on  one  side  of  the  part  cut  out  for  the  other 
side  to  enter,  and  thus  prevent  the  solder 
running  through  when  the  joint  is  being  made. 
It  several  elbows  have  to  be  made  in  one  piece 
of  pipe,  and  they  are  all  of  different  angles, 
each  angle  must  be  set  out  separately,  but  care 
rnust  be  taken  that  the  various  elbows  are  at 
the  necessary  distances  from  each  other.    It  is 


possible  to  cut  out  a  flat  piece  of  sheet  lead  so 
that  when  folded  up  it  will  form  any  elbow 
that  may  be  required.  This  is  rarely,  if  ever, 
done  in  practice,  but  we  will  explain  how  it  is 
done,  treating  the  method  as  a  geometrical 
problem.  First  of  all  describe  a  circle  equal 
to  the  size  of  the  pipe,  and  divide  this  circle 
into  an  equal  number  of  parts.  The  more  parts 
the  circle  is  divided  into  the  more  accurate  will 
be  the  piece  of  sheet  metal  when  cut  out,  but  to 
save  a  complication  of  lines  in  the  drawing  we 
will  assume  eight  divisions  as  shown  in  the 
elevation  Fig.  96.  Drop  projectors  from  the 
outside  of  the  circle  and  draw  the  elbow,  as  it 
would  appear  if  laid  on  its  side.  The  proper 
angles  and  distances  all  being  as  required  for 
the  position  the  pipe  is  going  to  be  fixed  in. 
Now  draw  projections  from  the  divisions  of 
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the  circle,  and  continue  them  as  shown  by 
dotted  lines  on  the  plan  below  X,  Y.  Now  ope 
out  the  piece  of  lead  that  is  to  be  used  for  the 
elbow  and  set  out  the  necessary  lines  as  follows. 
We  will  assume  the  seam  on  the  pipe  is  to  be 
at  A,  Fig.  96,  so  A,  A,  Fig.  97,  on  the  edges 
of  the  piece  of  lead  will  reprasent  that  point. 

Draw  seven  other  lines  parallel  with  the  side*; 
of  the  piece  of  lead  and   the   same  distanr<» 
apart  as  the  divisions  on  the  circle,  Fig.  96, 
measured  on  the  edge  of  the  circle  and  no 
across  from  point  to  point.    Mark  all  these  las* 
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lines,  using  the  same  reference  letters  as  are 
used  round  the  circle.  .  ,•1 

To  begin  with  A,  this  point  is  immediately 
behind  E,   so  measure    the  length   of  the 
line   E,   on  the   plan,   from    X,  Y    to  the 
line     K,   T,    and    transfer    this  dimension 
onto  the  piece  of  lead  on  A,  A.    We  now  take 
the  line  B  and  transfer  it  in  the  same  manner 
onto   B  on  the    piece    of   lead.     As   D  is 
immediately  behind   B,   the  same  dimension 
should  be  marked  on  D  on  the  lead.    Next  take 
the  length  of  C,  Fig.  96,  and  mark  it  on  the  line 
C  Fig  97     Next  measure  G  and  transfer  the 
dimension  as  before.    H  and  F  are  of  the  same 
lenf'th,  and  should  be  measured  and  transferred 
as  the  other  lines  were.    Now  draw  curved 
lines  through  all  the  points  found  on  Fig.  97,  and 
draw  an  X  Y  through  the  point  of  intersection 
on  the  line  G.    Below  this  line  measure  points 
the  same  distance  as  those  above  it,  and  con- 
nect them  in  the  same  manner.     Now  measure 
the  length  of  all  the  lines  between  K,  J,  and 
L,  M,  and  transfer  them  onto  the  lines  on  the 
piece  of  lead.    Draw  the  line  X'  Y',  as  shown, 
measure  the  various  points  above  this  line  and 
mark   them  off  the    same    distance  below. 
Connect  these  points  by  means  of  gentle  curves, 
and  the  piece  of  lead  is  then  ready  for  cutting 
out    It  is  usual   to    allow    about    Jin.  as 
shown  by  dotted  lines  for  turning  slightly  out- 
wards for  the  other  side  to  socket  into  and  thus 
prevent  the  solder  running  through  when  the 
joint  is  being  wiped.     If  the  joint  is  to  be  made 
with  fine  solder  and  copper-bit,  the  above  piece 
is  omitted  and  the  lead  cut  out  to  the  curved 
lines  as  first  set  out.    The  pieces  shown  by 
dotted  lines  should  be  left  on  the  edges  shown, 
presuming  the  pipe  when  made  is  going  to  be 
fixed  in  a  position  so  that  the  current  of  water 
will  pass  through  in  the  direction  shown  by  the 
arrows  Fig.  96.    If  these  pieces  were  left  on  the 
other  edges  of  the  lead  the  elbows  would  be 
socketted  the  wrong  way  and  thus  present  an 
obstruction  to  the  free  flow  of  water  and  possibly 
leave  a  projection  round  which  passing  objects 
would  cling.  If  thestudent  shouldtry  and  make  an 
elbow  out  of  cardboard,  or  any  stiff  kind  of  paper, 
he  is  advised  to  divide  the  circle  into  about 
twice  the  number  of  parts  as  shown  by  Fig.  96, 
he  will  then  be  able  to  cut  out  the  figure  with 
more  exactitude,  and  will  not  be  liable  to  err 
when  connecting  the  points  of  the  curved  lines. 
If  it  is  assumed  for  the  time  being,  that  the  pipe 
instead  of  being  of  a  round  section,  is  one  with 
many  sides,  this  would  perhaps  help  to  make 
the  problem  more  clearly  understood.     As  a 
further  aid  to  this  end  we  will  now  proceed  to 
cut  out  the  lead  for  an  elbow  in  a  square  piece 

°^ First  draw  a  section  of  the  pipe  and  then  a 
side  view  as  shown  by  plan  and  elevation, 
q8.  Assuming  the  pipe  is  4  in.  square,  the 
ends  of  the  elbow  are  each  i  ft.  long,  and  the 
elbow  forms  an  angle  of  loodegs.  The  piece 
of  lead  would  require  to  be  2  ft.  long  x  i  ft.  4  in- 
wide    It  is  best  to  have  the  seam  at  the  side  o» 


the  pipe  as  shown  at  E,  in  elevation,  and  by 
dotted  lines  on  the  plan.  On  the  piece  of  sheet 
lead  set  out  the  necessary  lines  as  follows. 
Measure  2  in.  from  the  edges  of  the  lead  and 
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draw  lines  parallel  with  them.  Then  draw  two 
other  lines  4  in.  from  each  other,  and  also  the 
last  one's  drawn.  Now  measure  the  length  of 
the  dotted  line  (Fig.  98)  from  the  end  of  the 
elbow  to  the  line  drawn  through  the  point  of 


intersection  and  transfer  this  dimension  onto 
the  edges  E  of  the  piece  of  lead.  Now  take  the 
length  of  the  inside  face  of  the  elbow  as  shown 
at  B  D,  Fig.  9S,  and  measure  that  distance  on 
the  lines  B,  D,  Fig.  99.    Now  take  the  length  of 
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the  outside  of  the  elbow,  on  the  side  shown  at 
A,  C,  and  transfer  that  to  the  piece  of  lead.  If 
these  points  are  all  now  joined  together  they 
will  represent  the  lines  for  cutting  out  one  half 
of  the  elbow.  An  X  Y,  can  now  be  drawn  as 
stiown  in  the  figure,  and  the  same  distances 
marked  below,  as  the  various  points  are  above 
it.  The  piece  of  lead  can  now  be  cut  out  and 
folded  on  the  lines  set  out  when  the  elbow  will 
be  found  to  be  the  one  required. 


Innumerable  examples  of  elbows  made  out  of 
pipes  of  any  section  to  any  angle,  to  fit  over 
plinths,  string  courses,  cornices,  or  any  other 
position,  could  be  given,  but  with  the  above 
examples  the  student  will  be  enabled  to  apply  the 
problem  to  any  work  he  may  have  to  execute. 
Other  problems  will  be  found  worked  out  inrry 
book  on  "  Plumbing  Practice." 


ON  OVAL 

IF  the  upper  portion  of  a  cone  is  cut  by  an 
oblique  plane,  the  exposed  surface  will  be  an 
ellipse  or  oval.  The  perforations  in  w.c.  seats 
are  usually  cut  to  this  shape,  so  we  will  now 
consider  how  to  develop  the  figure,  using  a  cone 
as  the  basis  for  arriving  at  the  true  shape  of  the 
hole  required.  We  will  suppose  the  major  axis, 
or  diameter  of  the  hole  measured  across  its 
longest  opening,  is  to  be  13  in.,  and  the  minor 
or  smallest  diameter  is  to  be  1 1  in.  First  draw 
a  plan  and  elevation  of  a  cone  as  shown  by 
Fig.  icxD,  the  base  to  be  2  ft.  in  diameter,  and 
the  length  of  the  slant  side  to  be  2  ft.  These 
dimensions  may  be  varied  by  the  student — 
those  given  are  only  assumed  so  as  to  answer 
our  present  purpose.  After  drawing  the  circle 
representing  the  plan,  the  compasses  still  set 
to  the  radius  of  the  circle  to  be  stepped  round 
it,  thus  dividing  it  into  six  equal  parts.  These 
divisions  to  be  sub-divided,  so  that  now  the 
circle  is  divided  into  twelve  sections.  Lines 
are  now  to  be  drawn  from  the  various  points 
so  as  to  meet  in  the  centre.  Raise  projectors 
from  the  points  on  the  circle  to  the  line  X,  Y, 
and  continue  these  projectors  until  they  meet 
at  the  apex  of  the  cone  as  shown  in  elevation. 

Draw  the  line  A,  B  parallel  with  X,  Y,  but  at 
a  point  where  the  cone  measures  1 1  in.  across, 
this  being  the  length  of  the  minor  diameter. 
Draw  another  line  C,  D  through  the  point 
where  the  line  A,  B  cuts  the  axis  or  centreline  of 
the  cone,  this  hue  to  be  13  in.  long.  From  where 
this  line  cuts  the  raking  lines  on  the  cone  drop 
projectors  on  to  the  plan  and  join  the  points  of 
mtersection  as  shown  in  the  figure.  This  will 
novy  represent  the  plan  of  the  oval  as  lying  on 
an  inclined  plane  and  a  templet  could  be  made 
from  it,  if  a  cone  was  made  and  a  portion  cut 
off  on  the  lines  here  laid  down.  But  for  our 
purpose  we  must  show  the  exact  shape  of  the 
oval  when  laid  down  flat,  and  so  that  we  may 
cut  out  a  templet  from  the  lines  themselves— 
with  this  object  we  must  raise  perpendiculars  from 
the  line  C,  D,  where  it  cuts  the  sloping  lines  on 
the  cone.    Now  draw  the  line  E,  F  parallel 
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with  C,  D,  and,  with  the  dimensions  taken  from 
the  oval  as  seen  on  the  plan  below  X,  Y,  mark 
off  the  distances  the  sides  ot  the  oval  are  from 
the  centre  line  G,  H.  It  will  be  lound  that 
two  of  the  points  cannot  be  taken  from  the 
plan,  bat  must  be  measured  on  the  elevation 
from  the  axial  line  of  the  cone  measured  on 
A,  B  to  the  outer  surface.  On  working  out  the 
problem  the  student  will  find  which  two  points 
will  have  to  be  so  measured  from  the  elevation. 
He  is  advised  to  put  a  number  or  letter  against 
each  of  the  divisions  on  the  circle,  which  repre- 
sents the  plan  of  the  cone,  and  use  the  same 
references  on  the  elevation  and  also  on  the  new 
plan  projected  from  the  assumed  ground  line 
C,  D.  By  doing  this  the  student  will  more 
clearly  understand  the  solution  of  the  problem. 
These  reference  letters  are  omitted  in  Fig.  100 
so  as  to  save  any  confusion  which  might  arise  ; 
the  figure  of  necessity  being  drawn  to  a  small 
scale.  If  this  problem  is  carefully  studied  the 
student  can  afterwards  vary  it  and  produce 
other  figures  besides  ovals  by  shifting  the  line 
C,  D  to  any  other  inclination,  or  could  draw 
another  line  at  right  angles  to  the  base,  or 
parallel  with  one  of  the  sides.  Young  beginners 
would  find  it  easier  perhaps  to  commence  with 
a  square  pyramid,  then  proceed  with  an  oc- 
tagonal one.  These  last  figures  being  easier  to 
draw,  as  all  the  lines  could  be  ruled  instead  of 
some  of  them  being  filled  in  by  free  hand. 

There  are  several  ways  for  drawing  ovals, 
some  by  geometrical  and  others  by  mechanical 
means,  but  there  are  so  many  good  books  on 
geometry  published,  and  at  prices  within  the 
reach  of  all,  that  I  do  not  think  it  necessary  to 
go  any  further  with  the  subject,  excepting  to 
illustrate  how  to  set  out  by  lines  the  section  for 
a  public  sewer.  Sewers  which  are  of  a  round 
section  aie  much  the  strongest,  as  they  will 
resist  the  greatest  amount  of  pressure  from  the 
top,  sides,  or  bottom.  But  as  the  amount  of 
sewage  which  passes  through  sewers  varies  very 
much,  they  being  sometimes  nearly  or  quite  full, 
and  at  other  times  having  only  a  very  small 
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stream  running  along  the  bottom,  sanitary 
engineers  almost  unanimously  recommend  oval 
or  egg-shaped  sewers  for  ordinary  purposes, 
although  the  larger  sewers  are  usually  made  to 
other   sections   which   are   governed   by  the 


FIG  100 

requirements  of  the  various  cases.  Most  sani- 
tary engineers  have  their  own  ideas  as  to  which 
shape  is  the  best  for  ordinary  purposes,  and 
several  illustrations  could  be  given  of  those 
recommended  by  different  experts,  but  an  illus- 
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tration  of  one  only  I  will  now  lay  before  you. 
One  of  the  commonest  sizes  for  sewers  is 
4  ft.  6  in.  high  X  3  ft.  across  at  the  widest  part. 
The  invert  or  bottom  of  the  sewer  is  generally  a 
part  of  a  circle,  the  radius  for  which  is  half  that 
of  the  crown  or  arch  over  the  sewer.  First 
describe  a  circle  which  has  a  diameter  of  3  ft. 
and  then  another  circle,  touching  the  first  one, 
with  a.diameter  of  1  ft.  6  in.  This  is  shown  by 
Fig.  loi.    Draw  a  line  through  the  centre  of 
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the  first  circle,  and  continue  it  indefinitely  on 
each  side.  Set  the  compasses  to  the  height  of 
the  sewer,  that  is,  C  to  D,  which  measures 
4  ft.  6  in.,  and  with  A  as  a  centre  cut  the 
horizontal  line  at  E.  Now  use  B  as  a  centre 
and  cut  the  line  at  F.  With  the  compasses  still 
set  to  the  same  radius,  using  E  and  F  as 
centres,  describe  arcs  connecting  the  sides  of 
the  circles  and  the  completed  figure  represents 
the  inner  surface  of  the  sewer.  Measure  two 
distances  of  4iin.  outside  the  figure,  and 
describe  arcs  to  represent  the  joint  between  the 
courses  of  brickwork  and  also  the  outer  surface 
of  the  sewer.  By  building  the  brickwork  in  two 
courses,  the  bricks  are  laid  much  closer 
together  than  if  they  were  fixed  endways  in  the 
arch.  Some  engineers  will  have  bricks  made 
wedge-shaped,  so  that  all  the  joints  are  parallel. 
With  ordinary  bricks  fixed  endways  the  joints 
are  quite  close  on  the  inner  side  of  the  arch, 
but  some  distance  open  on  the  outer  sides,  these 
latter  openings  requiring  a  considerable  amount 
of  cement  or  mortar  to  fill  them  up.  Fig.  loi  is 
drawn  with  one  half,  to  show  the  brickwork  in 
two  4i  in.  and  the  other  half  in  one  q  in. 
course. 
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THIS  subject  is  closely  allied  to  geometry.  In 
the  lectures  on  geometry,  as  applied  to 
plumbing,  the  writer  had  this  in  view,  and  made 
the  problems  as  practical  as  possible  by  giving 
illustrations  of  cases  that  occur  in  practice.  It 
is  proposed  to  show  how  to  set  out  by  lines  the 
pipes  and  fittings  that  are  commonly  used  in  a 
building,  in  which  undertaking  geometry  plays 
an  important  part.  We  will  first  assume  that  a 
range  of  four  wash-hand  basins,  14  in.  diameter, 
have  to  be  fixed  in  a  space  which  is  10  ft.  long. 
The  top  of  the  basins  to  be  2  ft.  6  in.  above  the 
floor-line,  a  in.  trap  to  be  fixed  to  each  basin, 
the  branch  waste-pipes  to  be  i^in.  diameter  and 
branched  into  a  common  waste,  which  is  i^in. 
in  diameter.      Each  trap  to  have  a  li  in.  vent- 


8  in.  between  the  outside  basins  and  the  ends 
of  the  slab.  This  last  dimension  should  be 
measured  from  the  end  of  the  top  line.  Fig.  102, 
and  then  i  ft.  2  in.  to  represent  the  width  of  a 
basin.  Now  measure  i  ft.  4  in.  to  represent  a 
space,  and  then  i  ft.  2  in.  ior  another  basin. 
Repeat  the  dimensions  for  the  other  basins  and 
spaces,  and  8  in.  will  be  left  to  represent  the 
margin  beyond  the  last  basin.  Find  the  centres 
of  the  openings  for  the  basins  and  drop  per- 
pendiculars, as  shown  by  dotted  lines.  Basins 
of  the  diameter  above  specified  generally 
measure  about  6  in.  deep,  so  the  basins  should 
now  be  drawn  to  that  depth  as  shown  in  the 
figure  which  is  all  drawn  to  scale.  Assuming 
the  waste-pipe  is  to  be  fixed  with  a  fall  towards 
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pipe  branched  into  a  ijin.  common  ventilation- 
pipe  and  \\ in.  branch-pipes  to  be  fixed  from  the 
traps  to  the  overflow  arms  of  the  wash-hand 
basins.  First  draw  a  line  to  represent  the  floor 
as  X,  Y,  Fig.  102,  and  then  another  line  2  ft.  6in 
above  the  last  one,  to  represent  the  top  edge  of 
the  basins.  These  lines  to  be  10  ft.  long,  equal 
to  the  size  of  the  space  in  which  the  basins  are 
to  be  fixed.  The  positions  of  the  basins  are  now 
to  be  set  out.  The  four  basins  themselves,  if 
placed  close  together,  would,  omitting  the  rims, 
occupy  a  space  of  4ft.  Sin.  This  dimension, 
deducted  from  10  ft.  will  leave  5  ft.  4  in.  to  be 
divided  into  the  spaces  between  and  at  the  ends 
of  the  basins.  This  will  be  found  equal  to 
Tft.  4  in.,  as  the  space  between  the  basins  and 


the  right  hand  end,  we  will  now  draw  two  lines 
li  in.  apart,  and  with  an  inclination  as  shown  in 
the  figure  to  represent  the  waste-pipe.  The  top 
end  of  this  pipe  should  be  level  with  the  outgo 
of  the  trap  fixed  to  the  end  basin,  and  a  fall  of 
about  9  in.  should  be  allowed  in  the  total  length 
of  the  waste-pipe. 

It  will  now  be  necessary  to  make  a  plan  of  the 
wash-hand  basins,  so  that  the  length  of  the 
branch  waste-pipes  can  be  seen.  First  draw  a 
line  to  represent  the  back  edge  of  the  top  or 
slab  and  another  line  for  the  front  edge.  We 
will  assume  the  width  of  the  slab  to  be  2  ft.,  so 
these  last  two  lines  must  be  2  ft.  apart.  Next 
contmue  the  centre  lines  of  the  basins  from  the 
elevation  onto  the  plan,  see  Fig.  102.    With  the 
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compasses  describe  circles  i  ft.  2  in.  diameter, 
as  shown  in  tlie  drawing,  the  circles  to  be  kept 
3  in.  back  from  the  front  of  the  slab.  Now  draw 
from  each  basin  two  lines  liin.  apart  to  repre- 
sent the  traps  and  branch  waste-pipes.  These 
branches,  to  be  so  arranged,  that  what  is  sent 
through  them  will  run  down  the  waste-pipe  and 
not  run  back  or  towards  the  highest  end.  On 
reference  to  the  fignire,  the  student  will  observe 
this  principle,  which  is  much  better  than  if  the 
branches  had  been  joined  to  the  main  waste- 
pipe  at  right  angles.  These  branch-pipes 
should  now  be  projected  onto  the  elevation. 
The  joints  should  also  be  drawn  so  that  when 
arranging  the  ventilation-pipes  care  can  be 
taken  that  no  two  joints  come  in  the  same 
position,  which  would  show  want  of  thought  on 
the  part  of  the  plumber.  The  common  vent-pipe 
can  now  be  drawn  with  an  inclination  towards 
the  left  hand  end  basin,  so  that  should  any 
waste  water  get  into  it,  or  any  steam  or  vapour 
condense  inside,  it  will  run  out  again  and  into 
the  waste-pipe.  The  connection  of  the  branch 
vent-pipes  should  be  made  as  shown  in  the 
drawing,  and  not  at  right  angles,  so  as  to  pre- 
vent as  much  as  possible  any  discharges  from 
the  basins  washing  up  into  them.  In  addition, 
as  air  has  to  enter  the  waste-pipe  by  means  of 
the  vent  at,  the  same  speed  01  velocity  as  the 
wastewater  rushes  out,  the  vent-pipes  should  be 
so  arranged  as  not  to  present  any  obstruction 
to  the  air  currents.  In  some  instances  it  has 
been  considered  advisable  to  fix  vent-pipes  of  a 
larger  size  than  the  waste-pipes,  especially  m 
t.ases  where  a  long  length  of  vent-pipe  has  been 
necessary,  but  this  branch  of  the  subject  will  be 
entered  into  at  a  future  time. 

The  traps  and  basin  connections,  also  the 
overflow-pipes  can  now  be  drawn.  The  over- 
flow-pipes are  shown  in  the  drawing  as  branched 
into  the  trap  just  below  the  water-line;  that  is, 
the  ends  of  the  pipes  are  beneath  the  sur'ace  of 
the  water  inside  the  trap.  There  are  objections 
to  this  way  ot  connecting  the  overflow-pipe,  but 
we  will  confine  ourselves  to  the  subject  referred 
to  in  the  heading  of  this  chapter. 

On  referring  to  the  drawing  it  will  be  seen 
that  none  of  the  branch-pipes  are  shown  their 
proper  length,  and  that  it  will  be  necessary  to 
make  a  sectional  elevation  to  show  these  pipes 
in  such  a  way  that  the  plumber  can  P'epare 
them  ready  for  joining  to  the  main-pipes.  With 
this  object  in  view  we  will  take  one  of  the  basins 
as  shown  on  the  plan,  and  draw  the  section  line 
A,  B.  Drop  projectors  from  this  line  and  draw 
the  basin  and  trap.  Measure  from  the  elevation 
the  positions  of  the  main,  waste,  and  vent-pipes. 
Mark  these  pipes  on  the  sectional  elevation,  and 
draw  in  the  two  branch-pipes  as  shown  on  the 
diagram.  Only  one  basin  is  shown  by  a  side 
elevation.  Instead  of  drawing  the  others  this 
one  can  be  used  for  all  by  adding  m  the  posi- 
tions of  the  m-iin- waste,  and  vent-pipes  in  the 
positions  they  occupy  in  relation  to  the  other 
basins. 
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The  working  drawing  is  now  complete,  and 
the  plumber  can  proceed  to  cut  off  the  various 
pieces  of  pipe,  bend  and  prepare  them  for  join- 
ing together. 

In  large  buildings,  which  are  used  princi- 
pally as  offices,  we  frequently  find  a  tier  of  wash- 
hand  basins.  In  some  cases  a  range  of  basins 
is  fixed  on  each  floor,  but  if  T^ig.  102  is  carefully 
studied  it  will  be  unnecesLdry  to  repeat  any 
portion  of  that  matter,  so  we  will  simply  deal 
with  a  case  in  which  one  basin  .'s  fixed  on  each 
floor.  Fig.  103  is  an  elevation  of  a  tier  of  basins 
as  sometimes  found  in  practice. 

The  plan  of  these  basins  would  be  set  out 
similar  to  the  one  marked  C  on  plan  of  Fig.  102. 
For  the  elevation  we  will  first  consider  the 
lengths  of  the  pipes  we  are  to  use,  and  arrange 
them  so  that  none  of  the  piping  is  cut  to  waste, 
and  the  joints  come  in  easily  accessible  places 
for  making.  Assuming  that  the  various  floors 
are  12  ft.  apart,  and  the  piping  is  in  12  ft. 
lengths,  if  we  were  to  start  the  above  stack  with 
a  12  ft.  length  of  pipe,  the  joints  would  prob- 
ably come  between  the  floors  and  ceilings.  In 
this  case  it  would  be  found  advisable  to  start 
with  half  a  length  of  pipe,  which  would  be  6  ft. 
long,  and  the  joints  would  then  come  midway 
between  the  floors.  The  next  thing  would  be  to 
consider  the  position  of  the  tacks  for  fixing  the 
vertical-pipe.  These  should  be  as  nearly  as 
possible  equidistant  apart,  and  yet  be  in  places 
where  the  necessary  screws  or  nails  could  be 
fixed.  And  then  again  the  tack?  should  not  be 
soldered  to  the  pipe  close  against  any  branch  or 
other  joint.  The  branch  joints  should  be  made 
so  that  discharges  from  the  upper  basins  wiU  not 
run  up  the  branch-pipes.  To  obviate  this  it  is 
a  good  plan  to  bend  the  end  of  the  branch-pipe 
downwards  at  or  near  the  joint  with  the  main 
stack.  With  these  remarks  and  the  aid  of  the 
diagram  Fig.  103,  the  student  will  clearly  under- 
stand how  to  set  out  any  similar  work  he  may 
have  to  deal  with.  The  Figure  is  drawn  to  a 
scale,  but  so  as  to  reduce  the  size  of  the  drawing, 
a  part  is  supposed  to  be  broken  out  of  the  walls 
and  pipes  between  the  floors  as  shown  at  D,  E, 
F,  and  G.  The  plumber  would  do  the  same  thing, 
in  setting  out  the  lines  on  the  workshop  floor  or 
bench  for  the  reason  that  most  likely  the  place 
where  he  was  working  would  not  be  long  enough 
to  set  out  the  whole  length  of  the  main  stack. 

If  the  floors  of  the  building  in  which  the  work 
is  to  be  fixed  are  all  of  the  same  height  it  would 
be  only  necessary  to  set  out  the  work  for  one 
floor  and  as  the  others  would  be  similar  the 
same  lines  would  do  for  all  the  floors. 

The  top  end  of  the  vertical  waste-pipe,  H, 
should  be  continued  to  the  roof  of  the  building, 
but  in  some  cases  it  would  only  be  necessary  to 
turn  it  through  the  wall  as  shown  at  I.  The 
bottom  end  of  the  waste-pipe,  at  J,  should  be 
turned  through  the  wall  and  be  made  to  dis- 
charge into  an  interceptor  trap  fixed  outside  the 
building.  In  some  cases  the  air-pipes  to  the 
basin  traps  would  be  fixed  as  shown  by  dotted 


lines,  branch  joints  being  made  at  L  and  M,  the 
top  end  of  this  pipe  being  continued  to  the 
roof  or  branched  into   the  waste-pipe   at  N. 
The  reasons  for  these  variatians  will  be  dealt 
with  at  a  future  time,  and  also  the  questions  of 
water  seal  of  traps,  those  drawn  in  the  figure 
having  considerably  more   "dip"  than  those 
generally   used.      The   trap   O  will   also  be 
referred  to.    It  will  be  noticed  by  the  student 
that  the  branch  waste-pipe  from  the  top  wash- 
hand  basin.  Fig.  103,  goes  straight  into  the 
vertical  waste,  but  the  two  lower  branches  have 
bends  near  the  joints.     These  bends  are  made 
for  the  purpose  of  preventing  the  water  dis- 
charges from  the  upper  fittings  running  back 
into  those  at  the  lower  levels.     When  fixing 
sinks,  baths,  or  any  other  fitting,  the  pipes 
should  all  be  first  set  out  by  lines.    By  doing 
this  their  arrangement  can  be  made  to  look 
much  better,  or,  if  I  may  be  allowed  to  so  ex- 
press it  more  artistic.     Good  joints  and  bends 
in  pipes  always  carry  a  certain  amount  of  credit 
for  the  plumber  who  makes  them,  but  if  they 
are  huddled  together  in  a  kind  of  happy-go- 
lucky  way,  it  shows  a  want  of  taste  on  the  part 
of  the  workman.    Neither  can  a  man  know  how 
his  work  will  look  unless  he   first  makes  a 
drawing  to  represent  it  when  finished.  And 
again,  a  full-size  drawing  that  shows  the  whole 
of  the  pipes,  &c.,  will  enable  the  plumber  to 
measure  exactly  what  materials  he  will  require, 
cut  off  the  necessary  lengths  without  waste,  or 
the  better  use  up  odds  and  ends  of  pipes  that 
would  otherwise   go   away  as  waste  or  cut- 
tings.    Where  a   number    of  branch  waste- 
pipes    are    joined    to    a    common  waste- 
pipe,    mistakes   are   frequently  made   in  the 
arrangement  that  would  have  been  noticed  by 
the  plumber  if  he  had  first  made  a  drawing 
showing  how  they  would  come,  and  so  avoid 
having  to  make  alterations  after  the  work  had 
been  completed.    As  an  example  of  this,  a  case 
recently  occurred,  which  was  not  at  all  an  un- 
common one,  where  on  emptying  a  wash-hand 
basin,  part  of  the  dirty  water  ran  back  into  a 
bath  and  sink.    When  emptying  the  bath  the 
waste-cock  could  only  be  partially  opened,  or 
the  sink  would  have  been  filled  to  overflowing. 
And  when  a  pail  of  slop  water  was  thrown  down 
the  sink  a  portion  of  the  water  generally  found 
its  way  into  the  bath. 

Fig.  104  is  a  sketch  of  the  arrangements 


The  faults  are  so  prominent  that  it  is  unneces- 
sary to  say  any  more  on  the  mattter  excepting 
that  none  of  the  traps  were  ventilated,  and  when 
the  bath  was  used  part  of  the  water  would  be 
siphoned  out  of  the  W.H.B.  trap. 
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Fig.  105  represents  a  copy  of  the  lines  made 
by  the  plumber  who  had  to  alter  the  defective 
arrangements  shown  in  Fig.  104.  The  common 
waste-pipe  was  fixed  on  the  external  face  of  the 
wail.  The  building  was  a  very  high  one,  and 
there  was  a  sink,  bath,  and  W.  H.  B.  fixed  on 
each  of  the  upper  floors.  So  the  plumber  who 
altered  the  work  on  one  floor  made  all  his 
branch  waste  connections  with  a  bend  down- 
wards as  seen  at  Z.  He  also  deemed  it  advis- 
able to  make  three  separate  connections  with 
the  common  waste-pipe  and  a  separate  branch 
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waste-pipe  fixed  to  each  of  the  fittings.  A  ven- 
tilating-pipe  was  fixed  from  the  W.  H.  B.  trap, 
and  branch  vent-pipes  from  the  other  traps  were 
connected  with  it.  The  vent-pipes  had  to  be 
kept  down  so  low  as  to  be  hidden  by  the  bath 
enclosure,  and  also  by  the  back  side  of  the  sink 
which  stood  up  about  2  ft.  3  in.  high  above  the 
level  of  the  floor. 

Several  similar  blunders,  as  shown  by  Fig. 
104,  will  be  referred  to  at  a  future  time.  This 
case  was  introduced  here  partly  with  the  object 
of  showing  to  the  student  the  importance  of 
cultivating  the  habit  of  qjways  setting  out  his 
work  so  that  he  would  know  what  he  had  to  do 
and  also  be  better  enabled  to  make  it  look  to 
the  best  advantage.  He. would  also  be  less 
liable  to  blunder  which  is  almost  invariably 
the  case  with  those  who  begin  before  they  are 
ready. 

I  will  now  describe  how  to  set  out  the  trap  and 
soil-pipes  for  a  valve,  or  other  w.c,  which 
requires  the  trap  to  be  beneath  the  flooring. 
This  is  an  important  problem,  and  I  hope  you 
will  carefully  study  it,  so  that  you  may  carry  it 
out  in  practice,  and  thus  avoid  the  censure  that 
an  architect  has  been  known  to  lay  on  a  plumber 
because  of  his  want  of  this  knowledge. 

Before  we  can  set  out  the  lines  it  is  necessary 
to  know  what  is  the  shape  and  size  of  the  place 
in  which  the  w.c.  is  to  be  fixed.  For  our 
present  purpose  we  will  assume  that  it  is  to  be 
fixed  between  two  walls  which  are  4  ft.  apart. 
With  this  data  to  work  from,  we  draw  two  lines 
4  ft.  apart,  and  another  line  at  right  angles  to 
them  to  represent  the  wall  behind  the  apparatus. 
"Where  an  architect  has  provided  plans  for  the 
builder  to  work  Irom,  these  plans  should  next 
be  consulted  as  to  the  width  of  the  wooden 
enclosure  which  is  generally  fixed  to  a  w.c. 
The  writer  once  had  a  severe  scoldmg  for 
neglecting  this  precaution,  and  which  neglect 
necessitated  an  alteration  being  made  to  several 
traps  after  ihey  were  fixed.  The  traps  were 
fixed  at  the  ordinary  distance  from  the  back 


wall,  but  the  architect  for  the  work  had  his  seats 
made  4  in.  deeper  from  back  to  front  than  was 
usually  done  by  other  architects,  hence  the  traps 
had  to  be  removed  4  in.  further  towards  the 
front.  For  a  seat  which  measures  2  ft.  from 
back  to  front,  the  trap  should  be  fixed  so  that 
the  centre  is  about  16  in.  from  the  back  wall. 
We  will  now  go  back  to  our  lines  which  repre- 
sent the  side  and  back  walls,  and  draw  a  line, 
which  is  equi-distant  from  the  side  walls.  On 
this  line  measure  16  in.  from  the  back  wall.  On 
the  centre  thus  found  describe  a  circle  4  in.  in 
diameter,  to  represent  the  inlet  end  of  the  trap. 


FIG  106 

We  will  now  assume  that  the  .'^oil-pipe  is  going 
to  be  fixed  external  to  the  wall  of  the  w.c,  as 
shown  at  A,  Fig.  106.  A  circle  should  be  drawn 
here  to  represent  the  soil-pipe.  If  the  soil-pipe 
was  to  be  fixed  at  B,  C,  or  D,  the  circle  should 
be  drawn  in  one  of  those  positions.  The  next 
thing  is  to  accurately  measure  the  distance 
between  the  two  circles,  representing  the  soil- 
pipe  and  trap.  To  avoid  any  possibility  of  a 
mistake,  it  is  a  good  plan  to  get  a  piece  of  lath, 
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JOIST 


FIG  107 


or  narrow  strip  of  wood,  and  cut  it  to  the  exact 
length  of  the  distance  Ijctween  the  two  circles. 
This  lath  will  afterwards  be  found  useful  when 
making  the  branch  joint  to  the  soil-pipe.  We 
may  now  rub  out  the  whole  of  the  lines,  as 
shown  by  Fig.  106  as  being  of  no  further  use. 
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The  next  proceeding  is  to  draw  an  elevation  of 
the  work  to  be  executed,  and  we  begin  by  draw- 
ing two  parallel  lines  to  represent  the  vertical 
soil-pipe,  as  shown  from  E  to  F,  Fig.  107.  With 
a  loft,  rod  measure  from  the  last  length  of  soil- 
pipe  that  was  fixed,  or  from  the  drain  if  it  is  for 
the  first  length,  to  the  joist  line  of  the  place  in 
which  the  w.c.  is  to  be  fixed,  and  transfer  this 
distance  onto  the  lines  E,  F.    The  end  of  the 
rod  should  be  placed  i  in.  above  F,  to  allow  for 
this  end  to  enter,  or  socket,  into  the  length  of 
pipe  that  was  last  fixed.    Draw  a  line  at  right 
angles  to  E,  F  to  represent  the  top  of  the  floor 
joists,  and  on  this  line  mark  off  the  distance 
between  the  trap  and  the  soil-pipe  using  for  the 
purpose,  the  lath  that  was  cut  to  that  length. 
Measure  4  in.  from  the  last  point  to  represent 
the  inlet,  and  draw  the  trap  as  shown  in  the 
figure.    The  under  side  of  the  floor  joist  should 
also  be  drawn  so  that  the  plumber  can  see  how 
much  fall  he  can  give  the  branch  soil-pipe 


closets  should  be  first  made  on  the  bench  or 
floor  of  the  workshop.    Let  Fig.  108  represent 
a  plan  of  a  range  of  three  w.c.'s.     The  traps 
are  to  be  fixed  beneath  the  floor,  the  horizontal 
soil-pipe  to  be  inside   the   building  and  the 
vertical-pipe  outside  the  walls  as  shown  at  G. 
If  the  plumber's  bench  is  fixed  near  the  wall  of 
the  workshop  an  elevation  of  the  work  can  be 
drawn  on  the  walls.    Let  the  lineX.Y  represent 
the  top  of  the  bench,  and  the  line  U,V  the  floor 
line  of  the  closets.    The  horizontal  and  vertical 
pipes,  and  the  traps  can  be  drawn  as  shown. 
The  horizontal-pipe  can  then  be  bent  at  the  end 
to  meet  the  trap  H,  after  which  the  pipe  can  be 
fixed  on  blocks  close  to  the  wall,  and  the  branch- 
pipes  for  the  other  traps  bent  and  fitted.  After 
the  whole  of  the  work  has  been  fitted  together 
the  joints  on  the  traps  can  be  made,  and  then 
the  pipes  can  be  removed  to  the  centre  of  the 
bench  and  the  branch  joints  wiped.    It  is  a  good 
plan  to  fit  wooden  plugs  in  the  inlet  ends  of  the 


without  Its  showing  through  the  ceiling  below 
presuming  there  is  one.    The  branch  soil-pipe 
can  now  be  drawn,  when  the  figure  will  be  com- 
plete.   The  plumber  can  now  proceed  to  open 
the  hole  m  the  vertical  for  the  branch-pipe,  the 
branch-pipe  can  be  cut  off  the  exact  length,  i  in 
being  allowed  onto  the  length  for  the  outgo  of 
the  trap  to  socket  into,  and  the  whole  of  the 
work  prepared  for  soldering  before  being  fitted 
together.     Fhe  whole  of  the^necessary  lines  can 
be  drawn  in  about  a  quarter  of  an  hour,  and  if 
care  is  taken  in  the  construction  of  the  work  it 
will  hi  Its  intended  position  much  better  than  if 
put  together  by  the  rule  of  thumb  process.  I 
hope  I  have  inade  myself  quite  clear  in  workinc. 
out  this  problem,  and  that  all  students  will  makS 
a  practice  of  applying  it  in  their  daily  work 
If  a  range  of  w.c.'s  is   to  be  fixed  on  an 
upper  floor  of  a  building,  the  whole   of  the 
traps  and  soil-p.pe  can   be   prepared  on  the 
bench.     In  this  case  a  full  size  plan  of  the 


traps,  and  then  nail  a  stout  strip  of  wood  to 
them.  This  will  help  to  support  the  traps  and 
branch-pipes  during  the  time  the  branch  joints 
are  being  made,  and  also  ensure  the  traps  being 
kept  the  proper  distance  apart. 

For  best  kinds  of  work  it  is  usual  to  fix  a  2  in. 
lead  vent-pipe  from  each  of  the  branch  soil- 
pipes.  When  these  pipes  are  fixed  beneath  the 
floor  a  short  piece  of  2  in.  pipe  should  be 
soldered  to  each  of  the  branch  soil-pipes  as 
shown  at  I,  I,  and  then  after  the  wooden  flooring 
has  been  laid,  this  vent-pipe  can  be  continued 
upwards,  a  flange  joint  being  wiped  on  the  floor. 
Where  a  lead  sale  is  fixed  and  the  vent-pipe 
passes  th tough  the  safe,  the  flange  joint  would 
be  wiped  on  the  safe. 

In  some  cases  water  closets  are  situated  in 
irregular  shaped  positions,  in  which  case  it  is 
necessary  to  set  out  the  soil-pipes  slightly 
dififerent  to  the  last  problem  that  has  been 
Illustrated.    Let  Fig.  109  represent  a  case  of 
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this  kind.  If  the  centre  of  the  trap  was  fixed 
on  a  line  perpendicular  to  the  back  wall,  and 


from  a  point  which  is  equi-distant  from  the  side 
walls,  the  w.c,  when  fixed,  would  appear  to  be 
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out  of  the  centre.  And  again  the  user  of  the 
place  would  have  his  knees  touching  one  of 
the  side  walls  if  the  place  was  a  narrow  one. 
In  this  problem  the  seat  should  be  set  out  first, 
and  a  perpendicular  line  drawn  from  a  central 
point  from  the  front  edge  of  the  seat.  If  the 
seat  is  to  be  2  ft.  deep  the  centre  of  the  trap 
will  be  about  8  in.  from  the  front  edge  of  the 
seat.  With  this  centre  a  circle  should  be  drawn 
to  represent  the  trap.  The  soil-pipe  can  then 
be  shown  by  another  circle,  and  then  the  whole 
proceedings  repeated  as  explained  for  Fig.  106. 

If  problems  102  to  109  are  carefully  studied 
the  student  can  set  out  almost  any  kind  of  work 
that  he  may  have  to  execute. 

Illustrations  of  sinks,  baths,  and  urinals 
could  be  given,  but  this  would  be  unnecessary, 
as  the  same  rules  that  have  been  laid  down  will 
apply  to  all  cases.  The  above  fittings  will  be 
dealt  with  at  a  future  time  from  another  point 
of  view,  that  is,  the  sanitary  aspect. 


LEAD  WORK  ON 

BEFORE  entering  into  the  practical  part  of 
this  subject,  it  will  be  advisable  to  consider 
some  of  the  influences  which  have  an  effect 
upon  lead  work  on  roofs. 

One  of  the  most  troublesome  to  deal  with  is 
"capillary  attraction,"  by  which  water  passes 
between  the  laps  of  sheet-lead  unless  precau- 
tions are  taken  to  prevent  it.    This  can  easily 
be  done  when  once  the  principles  of  capillary 
attraction  are  understood.    The  word  capillary 
is  derived  from  capilhts,  the  Latin  word  lot  hair. 
Now  hair  itself  has  no  power  to  attract  water  in 
the  same  way  that  a  magnet  will  attract  a  piece 
of  steel,  but  if  woven  into  cloth,  or  pressed 
closely  together  and.  then  dipped  into  water,  on 
lifting  it  out,  a  quantity  of  water  will  be  brought 
with  it.    The  attraction  lies  in  the  interstices 
between  the  hairs,  and  not  in  the  hairs  them- 
selves.    If,  instead  of  dipping  the  hair  into 
water,  the  hair  was  held  so  tiiat  it  just  touched 
the  water,  the  water  would  be  found  to  ascend 
until  the  hair  was  saturated.    This  can  be 
further   illustrated   by  holding  the   end  of  a 
capillary  tube  (which  is  a  tube  with  a  bore  about 
the  size  of  a  hair)  in  a  vessel  of  water,  when  the 
water  will  be  found  to  ascend  in  the  tube  to  some 
height  above  that  contained  in  the  vessel.  A 
very  old  illustration  is  given  at  Fig.  1 10,  which 
represents  a  shallow  vessel  containing  water  and 
two  pieces  of  common  sheet-glass  standing  in  it, 
the  edges  of  the  glasses  being  in  contact  as 
shown.    The  water,  between  the  two  pieces  of 
glass,  will  be  found  to  rise  as  shown  by  the 
curved  line.    It  has  been  found  by  experiment 
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that  if  two  flat  pieces  of  sheet-metal  or  glass,  are 
placed  i-200th  of  an  inch  apart,  water  will  rise 
between  them  to  a  height  of  5  in.  ;  if  they  are 
placed  i-iooth  of  an  inch  apart  water  will  rise 
2\  in.  ;  bnt  if  placed  so  that  they  are  from  i-ioth 
to  ith  of  an  inch  apart,  the  capillary  attraction  is 
almost  overcome,  water  in  this  case  not  rising 
more  than  about  k  in.    Put  a  drop  of  water  on  a 


Fig.  no. 


flat  surface,  and  a  lump  of  sugar  would,  so  to 
speak,  suck  it  up  by  capillary  attraction.  By 
the  same  force  water  is  drawn  up  between  the 
laps  of  glass  in  a  skylight.  Visit  a  slated  roof 
immediately  after  a  shower  of  rain,  press  upon 
one  of  the  slates,  and  a  quantity  of  water  will  be 
squeezed  out  that  had  been  suspended  between 
them  by  the  same  power.  It  is  on  record  that 
the  water  has  been  emptied  out  of  w.c.  traps  by 
capillary  attraction.  Innumerable  examples 
could  be  given,  but  enough  has  been  written  to 
show  the  way  in  which  this  force  acts.  When 
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we  come  to  construction  of  lead  roofs,  we  will 
consider  the  various  ways  that  are  practiced  to 
prevent  water  passing  between  laps  in  lead. 

We  will  now  proceed  to  consider  heat  as  a 
force  that  has  a  great  influence  on  lead  roofs, 
For  our  present  purpose  we  will  assume  that  all 
metals  are  at  their  greatest  density  when  cold, 
and  at  their  greatest  bulk  when  heated  to  boiling 
pomts.    Most  of  you,  no  doubt,  have  noticed 
that  if  molten  lead  is  poured  into  an  open  mould 
that  it  shrinks  as  it  cools,  and  that  instead  of 
the  surface  remaining  quite  even  and  smooth,  as 
when  in  a  fluid  condition,  that  a  depression  is 
left  at  ornear  the  centre  position  of  the  casting. 
Professor    Perry,    in    his     book  "Practical 
Mechanics,"*  makes  the  statement  that  on  heat- 
ing from  freezing  to  boiling  point  lead  expands 
•0028  of  its  bulk.    In  another  pait  of  the  above 
book  Professor  Perry  states  that  lead  expands 
■00002818  of  every  dimension  for  one  degree 
Fahrenheit.    This  being  the  case,  a  very  little 
consideration  will  lead  to  the  conclusion  that, 
when  lead  is  exposed,  it  is  in  continual  motion, 
and  may  be  said  to  be  never  still  for  more  than 
a  few  seconds  at  a  time,  but  expansion  and 
contraction  of  the  metal  is  continually  going  on. 
In  one  case  I  found  a  piece  of  sheet-lead  that 
measured    12  ft.  long  in  the  shade  measured 
12  ft.  iin.  after  being  exposed  for  one  hour  to  a 
hot  summer  sun,  all  things  being  arranged  for 
the  metal  to  expand  without  hindiance.    If  the 
ends  of  this  piece  of  lead  had  been  fastened,  the 
whole  of  the  expansion  would  have  been  con- 
centrated on   the   centre   part,  causing  it  to 
buckle  or  rise  up  like  an  arch.    To  overcome 
this  action  it  is  necessary  to  have  the  pieces  of 
lead  as  small  as  convenient,  and  the  lappings  or 
jomings  would  then   act  as  expansion  joints. 
Gutters  and  bays  on  flats  should  not  be  more 
than  7  ft.  long.    Nailing  should  not  be  resorted 
to  more  than  can  be  avoided,  and  the  lead 
should  be  "setup,"  so  as  to  fit  loosely  in  the 
desired   positions,   thus  allowing  freedom  for 
expansion  all  round.    Cover  and  step  flashings 
should  not  exceed  6ft.  in  length.     Ridge  pieces 
should  not  measure  more  than  7  tt.  in  length. 
Dormer  cheeks,    when  very  large,  should'^be 
put  on  in  two  or  more  pieces.    When  dormer 
tops  are  very  large,  a  roll  should  be  put  on  to 
divide  it  into  two  pieces.    When  small,  the  lead 
has  room  to  expand  over  the  edges. 

When  lead  is  used  for  lining  sinks,  in  which 
hot-water  is  used,  the  sides  and  ends  of  the 
woodwork  should  be  made  to  slope  similar  to  a 
common  washing-tub,  and  hollow  fillets  placed 
in  the  angles.  This  has  been  done  with  good 
results  where  the  water  was  boiled  in  the  sinks 
by  means  of  steam  escaping  from  perforated 
pipes,  but  yet,  in  spite  of  the  excessive  heat,  the 
lead  expanded  without  buckling  or  breaking. 

When  lead  is  laid  in  gutters  and  on  flat 
surfaces,  a  great  deal  depends  on  the  way  in 
which  the  woodwork  is  prepared.    The  boards 


should  always  be  laid  in  the  direction  of  the 
current;  that  is,  they  should  have  the  grain  of 
the  wood  laid  in  the  same  direction  as  any  water 
that  may  fall  upon  the  gutter  or  flat  would  flow, 
for  reasons,  firstly,  to  allow  the  lead  to  slide 
backwards  and  forwards,  as  it  is  afl'ected  by 
variations  in  temperature;  secondly,  the  lead 
will  last  much  longer  if  there  are  no  ridges 
formed  by  the  edges  of  the  boards  curling  up, 
which  edges  invariably,  sooner  .or  later,  show 
through  the  lead.  This  may  be  noticed  after  a 
shower  of  rain  when  these  ridges,  across  a 
gutter  or  flat  with  a  sluggish  fall,  prevent  the 
water  flowing  away,  causing  pools  to  remain. 
The  boards  should  not  exceed  4jin.  in  width. 
Nine  inch  boards  are  generally  used,  but  they 
are  much  better  if  only  half  that  width.  When 
laying  the  boards  they  should  be  well  nailed 
near  the  edges  to  the  joists.  Should  the  boards 
vary  in  thickness,  and  they  generally  do,  the 
thickest  should  be  planed  down  level  with  the 
others,  so  that  the  lead  can  be  laid  on  a  perfectly 
true  and  smooth  surface. 
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Fig.  III. 

The  force  of  expansion  and  contraction  of 
metals  is  almost  irresistible,  and  in  the  case  of 
lead  on  roofs,  if  it  is  fixed  too  rigidly  it  will 
either  break  away  from  its  fastenings  or  itself  be 
broken. 
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One  great  cause  of  leakage  in  roofs  is  to  be 
found  where  lead  gutters  are  connected  to  each 
other  by  means  of  a  step  arrangement  called  a 
drip.  This  is  a  very  convenient  way  for  joining, 
or,  more  properly  speaking,  lapping  the  lead, 
so  that  no  water  will  pass  through  at  that  point. 
In  some  cases  a  drip  is  saved,  and  the  lead  laid 
in  long  pieces.  This  applies  principally  to 
gutters.  In  other  cases  the  gutters  may  be  laid 
in  short  pieces. and  the  ends  soldered  together, 
so  that  they  are  in  one  continuous  piece.  When 
gutters  are  laid  in  this  manner  they  very  soon 


Fig.  112. 

break  by  alternately  expanding  and  contracting. 
Drips  act  as  expansion  joints,  but  if  the  drips 
are  too  far  apart,  they  are  only  of  partial 
utility.  Architects,  in  their  specifications, 
sometimes  stipulate  that  they  shall  not  be  more 
than  10  ft.  apart.  When  gutters  are  laid  in 
such  a  position  that  the  sun  cannot  shine  upon 
them,  this  length  answers  very  well,  but  when 
they  are  exposed  to  heat  rays  it  is  found  that 
gutters  of  this  length  often  require  repairing. 
This  may  be  explained  by  reference  to  Fig. 
Ill,  which  is  a  plan  of  a  gutter  behind  the 
parapet  wall  of  a  house.  In  this  case  the  top 
end  of  the  gutters  are  tight  against  the  wall  at 
A  and  the  drip  at  B,  so  that  whatever  expansion 
takes  place  must  be  in  the  direction  of  the 
arrows.  This  can  be  tested  by  watching  newly- 
laid  lead  gutters.    The  writer  has  done  this,  and 


Fig.  1 13. 

has  found  that  a  few  weeks  after  laying  some 
gutters  (in  which  case  the  drips  had  been  worked 
tightly  down)  he  has  found  the  overcloak  g  in. 
or  4  in.  away  Irom  its  original  position,  as 
«hown  at  G,  Fig.  112,  which  is  a  section  through 


a  drip  of  a  gutter.  This  has  not  occurred  all  at 
one  time,  but  has  been  the  result  of  a  series  of 
movements,  which  may  be  compared  to  those 
of  a  snail  or  worm.  The  expansion  has  taken 
place  downwards  in  the  first  instance;  but  the 
lead,  on  contracting,  has  not  gone  back  to  its 
original  position,  but  has  dragged  the  top  end 
away  from  the  wall  or  drip.  In  this  way  lead 
will  "crawl"  down  the  roof  to  a  very  serious 
extent.  It  may  be  noticed  on  stripping  old 
roofs  that  where  nails  have  been  driven  in  to 
hold  the  lead  down  under  the  slates  that  these 
nails  have  cut  long  slits  in  the  lead,  as  shown 
at  A,  A,  Fig.  113,  which  is  a  fragment  of  a 
gutter,  thus  showing  that  nailing  is  not  sufficient 
to  counteract  the  forces  which  affect  the  lead 
when  exposed  to  the  sun,  alternated  with  cold. 
All  lead  work  should  be  laid  and  fastened  in 
such  a  way  that  it  is  free  to  expand  and  con- 
tract. The  first  point  that  suggests  itself  is  the 
smaller  the  pieces  of  lead  the  less  expansion 
proportionately  takes  place,  and  the  smaller  the 


Fig.  114. 

pieces  of  lead  the  more  passings,  laps,  or  drips 
will  be  required.  For  work  on  upright  or  steep 
pitched  roofs,  ordinary  laps  answer  very  well, 
but  on  flats  or  in  gutters  these  laps  would  not 
do,  as  water  would  flow  back  between  the  sheets 
of  lead,  and  so  gain  access  into  the  building. 
The  usual  way  of  doing  this  part  of  the  work  is 
to  make  what  is  commonly  called  a  drip,  a 
section  of  which  is  shown  at  Fig.  114.  In  this 
case  any  water  that  flows  back  between  the  laps 
of  the  lead  would  have  to  rise  vertically  before 
it  could  pass  through,  and  so  get  into  the  house. 
These  drips,  unless  properly  done,  are  a  constant 
source  of  trouble,  from  the  fact  th<y.  usually  they 
are  not  made  deep  enough.  It  is  a  common 
error  to  think  i  in.  or  li  in.  drip  is  sufficient  for 
the  purpose,  the  item  of  capillary  attraction 
being  entirely  lost  sight  of.  The  writer  has 
found  that  a  2  in.  drip  is  scarcely  deep  enough 
to  counteract  the  evil  complained  of,  and  that 
in  a  great  many  cases  a  2i  in.  drip  was  only 
just  sufficient  to  resist  this  action.  It  has  been 
suggested  that  if  the  overcloak  was  cut  ofT  at 
the  point  A  Fig.  1 14,  that  would  be  sulTicient  for 
the  purpose;  but  no  advantage  whatever  is 
gained  by  this,  as  any  water  passing  that  point 
would  be  drawn  up  between  the  lapping  pieces. 
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As  stated  further  back,  a  space  of  Jin.  to  iin.  is 
sufficient  to  break  the  capillary  attraction.  This 
space  can  be  made  as  illustrated  at  A,  Fig.  114, 
where  the  end  of  the  bottom  gutter  is  shown  as 
being  chased  into  a  sinking  cut  in  the  wood- 
work. The  overcloak  can  be  worked  down  in 
such  a  way  as  to  leave  an  air  space  beyond 
which  any  water  cannot  rise.  When  covering 
the  ridge  roll  of  a  roof  with  lead,  the  under- 
cloak  should  be  let  into  the  wood  roll  the 
thickness  of  the  lead  and  a  water-groove  cut  in 
the  wood  roll  into  which  the  undercloak  should 
be  chased,  care  being  taken  not  to  bruise  the 
overcloak  or  work  it  into  the  chasing.  Fig.  115 
is  a  longitudinal  section  of  a  lap  of  lead  on  a 
ridge  roll  showing  the  groove  at  B. 

There  are  several  positions  on  roof  of  build- 
ings where  these  water-grooves  are  a  necessity, 
but  I  think  that  we  may  now  leavfe  this  matter 
as  the  illustrations  given  will  enable  you  to 
apply  the  principle  in  any  position  that  may 
arise  in  your  work. 


B 


Fig.  115. 


Fixing  Flashing. 

When  a  young  plumber  first  "takes  the  tools,'* 
it  is  usual  to  give  him  the  easiest  kind  of  work 
to  do.    If  working  on  the  roof  of  a  building  he 
is  generally  put  to  fixing  lead  flushings.  These 
are  simply  long  strips  of  lead  with  one  edge 
turned  into  the  horizontal  joints  of  the  brick 
walh,  the  other  portion  of  the  lead  hanging 
down  over  the  turned  up  parts  of  the  lead  laid 
in  gutters  or  on    flats,  &c.,  to  prevent  any 
water  getting  between  the  turned  up  parts  and 
the  walls.    This  work  is  very  easy  to  do  as  no 
great  skill  is  required  in  the  manipulation  of  the 
lead,  but,  for  all  that,  there  is  a  certain  amount 
of  thought  and  care  in  fixing  required,  there  be- 
ing no  more  frequent  causd  of  leaky  roofs  than 
defective  flashings.     One   common  cause  of 
trouble  is  shown  at  C,  Fig.  116,  which  is  a 
section  through  a  gutter,  where  it  will  be  noticed 
that  the  turned-up  part  of  the  lead  gutter  stands 
above  the  edge  of  the  joint  in  the  brick  wall. 
The  result  of  this  is,  that  when  the  turned  in 
part  of  the  flashing  is  wedged  so  as  to  fix  the 
lead  in  the  joint,  the  inner  edge  is  lower  than 
the  outer.    Thus,  any  water  running  down  the 
face  of  the  wall  is  caught  on  the  projecting 
ledge  and  runs  into  the  joint,  in  this  case  the 
flashmg  being  of  little  or  no  use  for  its  intended 
purpose.    Another  evil  is  shown  at  D,  which 
represents  the  wedge,  for  fixing  the  flashing, 
driven  in  so  far  as  to  force  the  lead  into  the 
frog  of  the  brick.    The  proper  remedy  is  to 
have  a  portion  of  cement  drawn  over  the  lower 
brick  as  shown  at  E,  and  to  have  the  stand-up 
part  of  the  gutter  cut  down  at  least  \  in.  below 
the  jomt  in  the  brickwork.    It  will  readily  be 


seen  that  when  this  is  done  any  water  caught  at 
this  point  must  of  necessity  run  outwards  and 
into  the  gutter.  The  old-fashioned  way  for 
fixing  lead  flashings  was  by  means  of  iron  wall 
hooks,  but  where  lead  and  iron  are  in  actual 
contact,  in  a  wet  condition,,  a  voltaic  action  is 
set  up,  and,  although  little  or  no  harm  is  done  to 
the  lead,  the  head  of  the  wall  hook  is  soon 
rusted  away  so  that  it  is  perfectly  useless.  The 
most  coi-nmon  way  now  practised,  for  fixing 
flashings  is  to  drive  in  wooden  wedges  as  shown 
at  F,  Fig.  116,  but  these  are  not  to  be  trusted; 


FIG  116 

no  matter  how  tightly  they  be  driven  in,  they 
soon  become  loose.  When  wel  ihey  swell  and 
on  becoming  dry  they  shrink  and  so  lose  their 
power  of  fixing  the  lead.  Cast-lead  wedges  are 
the  most  trustworthy,  as  they  are  not  liable  to 
be  affected  by  the  above  influences  and  in 
addition,  when  driven  in,  the  driven  end  bulges 
outwards  and  fits  into  any  irregularities  in  the 


Fig.  117. 

bricks.  Flashings  fixed  to  brickwork  should 
always  be  pointed  with  cement,  as  being  harder 


I 
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than  lime  mortar.  Neither  does  cement  shrink 
on  setting.  Mortar  sometimes  does  this  and 
leaves  a  space  as  shown  at  A,  Fig.  1 17,  into 
which  water  is  drawn  by  capillary  attraction. 

Covering  Ridges  -with  Lead. 
Fig.  118  is  a  section  of  a  ridge  of  a  slated  roof 
showing  an  old  method  for  fi.xing  the  lead.  The 
lead  is  sinply  laid  on  and  dressed  down  at  the 
sides,  aud  then  a  couple  of  iron  clout  nails  with 
large  leaded  heads  driven  in  at  the  laps  as 
shown  in  the  figure.  This  way  of  fixing  the 
ridge  lead  has  now  fallen  into  disuse  as  it 
makes  but  a  poor  job.    Wind  can  get  under 


Fig.  II ! 

the  edges  of  the  lead  and,  when  blowing  very 
hard  has  been  known  to  take  the  lead  right  off. 
The  lead  headed  nails  (C  C)  are  perfectly  use- 
less for  holding  the  lead  m  its  position. 
Moisture  in  the  atmosphere  sets  up  a  voltaic 
action  between  the  iron  nails  and  the  lead  head 
until  the  iron  is  rusted  through  and  the  head 
rolls  down  the  roof  into  the  gutter.  Sometimes 
the  nail  will  come  out  bodily.  The  movement 
of  the  lead,  as  it  slides  backwards  and  forwards 
by  contraction  and  e.xpansion  on  the  wooden 
ridge  piece,  will  cause  a  kind  of  shearing 
motion,  and  so  to  speak  wriggle  the  nail  right 

out.  .  . 

The  writer  once  saw  a  leaden  ridge,  similar 
to  the  one  under  consideration,  which  had 
been  nailed  its  entire  length  with  copper  nails 
placed  about  2  in.  apart.  These  nails  were 
nearly  all  ol  them  drawn  out,  some  having  rolled 


Fig.  1 19. 

down  the  roof,  the  others  were  standing  on 
their  points  and  would  soon  have  followed  the 
others. 


Where  lead  flashings  have  been  nailed  to 
wood  work  round  dormers  and  skylights,  this 
shearing  niOtion  has  often  caused  the  nails  to 
come  out  as  above  described. 

In  some  cases  where  large  nails  have  been 
used  for  fixing  the  lead  on  ridges,  a  long  slit  has 
been  cut  in  the  lead  similar  to  those  described 
at  A  A,  Fig.  113.  In  these  cases  the  woodwork 
near  the  nail  has  become  rotten  by  exposure  to 
the  elements. 

Fig.  1 19  is  a  section  of  a  ridge  which  is  an 
imorovement  on  the  last  one  described,  but 
there  is  little  or  no  resistance  to  prevent 
the  lead  being  blown  off  during  a  high 
wind.  . 

Fig.  120  shows  an  improved  way  for  finishing 


Fig.  120. 

the  apex  of  a  roof.  In  this  case  a  wooden  ridge 
roll  (D)  is  fixed  to  the  ridge  piece  by  means  of 
a  kind  of  double  pointed  iron  nail,  with  a  large 
head  in  the  centre,  called  a  roll-iron.  This  is 
shown  at  E.  For  covering  these  rolls  the  lead 
is  first  set  up  as  shown  by  the  fragmentary 
sketch,  Fig.  121.  The  width  of  the  base  G  to 
G  being  equal  to  the  girth  on  the  roll  as 


Fig.  121. 


measured  from  H  to  H,  Fig.  120,  and  the  sides 
to  stand  up  6  in.,  this  dimension  being  the 
usual  allowance  for  lead  to  lay  on  the  slates. 
The  corners  are  generally  curled  inwards,  as 
shown  at  F  F,  for  the  plumber  to  grip  hold  of. 
The  piece  of  lead  after  being  set  up  is  earned 
to  the  ridge,  and  the  plumbpr  and  his  mate, 
one  at  each  end,  alternately  "bash  "  the  lead  on 
the  roil.  This  causes  the  lead  to  bend  round 
the  roll.  The  wings  are  then  pressed  down 
on  to  the  slates  at  the  sides  causing  the  angles 
G  G,  Fig,  121,  to  clip  round  the  roll  as  shown 
at  H  H,  Fig.  12a 
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Fig.  122  shows  another  way,  and  which  is 
more  commonly  practiced  than  the  last  one 
described,  for  fixing  the  ridge-roll  on  a  roof. 
When  properly  done  this  forms  a  neat  finish  to 
a  roof,  and  is  at  the  same  time  a  firm  fixing 
for  the  lead.  Before  the  wooden  roll  is  nailed 
to  the  ridge  piece,  the  necessary  distances 
should  be  marked  out  and  pieces  of  sheet-lead 
about  i6  in.  long  by  3  in.  wide  nailed  on  to  the 
ridge  piece  to  form  what  are  called  "tacks." 
This  is  shown  at  I,  Fig.  122.     The  wood  roll 


Fig.  122. 


should  then  be  nailed  on  to  the  ridge  piece, 
the  lead  turned  up  and  fitted  as  before  described. 
After  straightening  the  arrises  at  J,  the  wings 
should  be  dressed  close  to  the  slates,  or  tiles  if 
used,  the  edges  trimmed  straight,  and  the  tacks 
turned  as  shown  at  K  K,  Fig.  122.  The  tacks 
should  be  of  lead  a  little  thicker  than  that  used 
for  covering  the  ridge-roll  and  the  ends  turned 
as  tightly  as  possible,  an  iron  "  plate "  being 
held  beneath  the  tacks  to  prevent  injury  to  the 
slates  when  the  tack  is  being  turned.  These 
tacks  hold  down  the  edges  of  the  lead,  and  so 
prevent  the  wind  getting  beneath.  At  the  same 
time  the  wings  are  held  up  so  that  the  lead  will 
firmly  grip  the  wood  roll  as  shown  at  J,  and 
yet  not  interfere  with  the  expansion  and  con- 
traction of  the  metal. 

The  plumber  should  always  be  consulted  by 
the  carpenter  before  he  nails  on  the  ridge  roll, 
as  it  so  frequently  happens  that  it  is  done  in  a 
bungling  way.  This  can  be  better  explained 
by  a  sketch,  see  Fig.  123. 

In  the  first  place,  the  roll  is  too  low  down 
When,  in  framing  the  roof,  the  ridge  piece  is 
too  low,  a  wooden  fillet  should  be  nailed  on  for 
the  roll  to  stand  upon.  If  this  is  not  done,  the 
slates  will  sometimes  finish  half-way  up  the  roll 
as  shown  at  L,  so  that  when  the  lead  is  put  on 
it  presents  the  appearance  as  shown  by  Fig. 
119.  When  the  roll  has  been  fixed  too  low,  the 
slates  have  sometimes  been  left  too  short  at  the 
top.  The  result  being  that  an  ugly-looking 
bump  is  made  at  M,  and  also  a  source  of  weak- 
ness at  the  laps,  as  rain-water  can  run  back 
along  the  channel  formed  in  the  lead,  and  so 
get  into  the  roof.  Another  evil  is  shown  at  M. 
The  top  edge  of  the  heading  course  of  slates  is 


•  left  hollow,  so  that  when  putting  on  the  leail  it 
presses  the  top  edge  of  the  slate  downwards, 
and  causes  the  bottom  edge  to  kick  out,  as 
shown  at  N.    This  is  a  frequent  cause  of  com- 
plaint, as  the  slates  so  fixed  nearly  always  get 
broken.     Some  slaters,  to  avoid  this,  will  bed 
the  top  edge  of  the  heading  course  of  slates  in 
lime  and  hair  mortar,  but  it  is  a  much  better 
plan  to  nail  on  a  small  wooden  fillet,  as  shown 
at  O,  Fig.  123.    If  some  such  precaution  is  not 
taken,  great  numbers  of  slates  get  broken,  and 
the  plumber  gets  blamed  for  it,  whereas  the 
censure  should  be  laid  onto  the  general  fore- 
man far  not  properly  arranging  this  part  of  the 
work.    A  good  plumber  is  always  careful  not 
to  make  any  more  tool  marks  on  his  lead  than 
he  can  help.     He  will  not  use  a  dresser  more 
than  he  can  avoid,  but  will  prefer  a  small  piece  of 
sheet-lead,  commonly  called   a  "  flapper,"  to 
straighten  out  the  piece  he  is  going  to  work  upon. 
When    "setting  in"  the  arrises,  he  will  use  a 
good  hornbeam  dresser,  as  it  is  softer,  and  does 
not  bruise  the  lead  so  much  as  one  made  of 
boxwood.     Neither  will  he  have  the  edge  of  his 
dresser  too  sharp,  so  that  it  will  cut  the  lead 
in  the  arrises.     When  a  ridge-roll  is  covered 
with  lead  not  a  single  tool  mark  should  be  seen 
anywhere  excepting  at  the  extremities,  near  the 
walls  or  intersections,  with  the  hips,  which  of 
necessity  must  be  worked  to  fit  those  positions. 


Fig.  123. 


When  dressing  the  lead  wings  close  to  the 
slates  or  tiles,  an  iron  plate  should  be  held 
beneath  the  lead,  so  that  it  may  be  left  straight. 
It  is  not  necessary,  and  detracts  from  the 
appearance  of  the  work  if  the  lead  is  dressed 
into  every  little  irregularity  that  may  occur  in 
the  parts  that  are  to  be  covered.  When 
covering  the  ridge  roll  of  a  roof,  it  is  not  a  good 
plan  to  work  up  the  end  piece  of  lead  sufficient 
to  turn  into  the  joints  of  the  brickwork.  Doing 
this  fixes  the  piece  of  lead  too  rigidly,  with  the 
result  that  it  soon  breaks  away  from  its  fasten- 
ings, or  perhaps  pulls  away  from  the  wall  just 
far  enough  for  water  to  get  in  when  it  is  raining. 
Where  the  chimnies  or  gable  ends  of  a  house 
have  been  rendered  over  with  cement,  the 
motion  of  the  lead,  as  it  increases  by  expansion 
or  shrinks  by  contraction,  has  very  often  pulled 
away  a  large  piece  of  the  cement  work,  and 
thus  left  an  opening  for  wet  to  get  into  the 
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roof.  In  addition  to  the  above  objection,  it 
takes  some  time  to  work  out  the  end  to  get 
sufficient  lead  for  turning  into  the  joints  of  the 
brick  wall.  Time  is  saved,  and  a  better  job 
made,  if  the  end  of  the  ridge  lead  is  turned  up 
about  2  in.,  as  shown  by  dotted  lines,  Fig.  124, 
and  a  capping  piece  put  on,  as  shown  at  A. 
About  A  in.  can  be  worked  on  the  bottom  edge  of 
the  capping  piece  to  fit  over  the  roll  and  wings 
of  the  ridge.  The  corner  of  the  stand  up  part 
of  the  ridge  can  be  folded  over  the  edge  of  the 
capping,  and  thus  form  a  tack,  as  shown  at  B. 
I  dc  not  propose  to  enter  now  into  the  question 
of  ornamental  leadwork  on  ridges,  as  the 
matter  is  too  large  to  be  briefly  dealt  with. 
Some  architects  make  a  feature  of  ridging,  and 
elaborate  their  designs  by  ornamental  lead 
cresting,  in  some  cases  made  of  hardened  cast- 
lead,  and  in  otliers  made  by  hand  out  of  sheet- 
lead.  We  will  now  proceed  from  the  ridge 
down  the  roof,  and  describe  the  hips.  These 
are  usually  covered  with  lead  in  the  same 
manner  as  was  described  for  the  ridging,  and 
shown  at  Fig.  122. 


extent  of  i-ioooth  part  of  an  inch  in  one  day, 
in  1 ,000  days  it  would  have  crawled  down  to 
the  extent  of  i  in.  So  that  if  the  nails  were 
driven  in  i  in.  from  the  top  end  the  lead  would 
have  broken  away  from  the  nailing  in  about 
three  years,  after  which  it  would  slide  down- 
wards very  quickly,  and  leave  a  space  at  the 
top  end,  through  which  rain  could  pass  into  the 
roof.  To  overcome  this  difficulty  it  is  necessary 
the  lead  should  be  put  on  in  short  pieces,  not 
exceeding  7  ft.  in  length.  A  shorter  length  is 
better.  Instead  of  nailing  the  top  end  of  each 
piece  of  lead,  it  is  a  good  plan  to  cut  out  a  piece 
of  the  wood  roll,  and  work  down  the  lead  over 
the  top  end  of  the  fixed  piece  of  roll,  as  shown 
at  A,  Fig.  125,  which  is  a  plan  of  a  portion  of  a 
slated  roof  showing  one  hip.  After  doing  this 
the  next  piece  of  wood  roll  can  be  nailed  on, 
and  the  next  piece  of  lead  fixed  in  the  same 
manner,  allowing  5  in.  or  6  in.  to  lap  on  the 
lower  piece  to  the  point  marked  by  dotted  lines. 
In  some  cases  it  is  necessary,  where  two  hips 
intersect  at  the  apex,  or  ridge  of  the  roof,  to 
work  the  roll  ends  down  on  a  "  horse  "  before 


Fig.  124. 


On  going  over  a  hipped  roof  of  a  house,  that 
has  been  built  some  few  years,  it  is  not  at  all 
unusual  to  find  the  lead  with  which  the  hip  rolls 
are  covered  has  slipped,  or  "crawled"  down. 
It  used  to  be  the  practice  to  fix  the  lead  by 
means  of  lead-headed  nails,  but  these  fail  to 
hold  the  lead  in  its  position.  The  general 
practice  is  to  nail  the  lead  near  the  top  edge  to 
the  wooden  roll.  But  these  nails  do  not  always 
prevent  the  lead  slipping  down.  Mention  has 
been  made  of  the  fact  that  metals  in  exposed 
situations  are  in  constant  motion  arising  from 
the  expansion  and  contraction  that  takes  place 
with  every  change  of  temperature.  In  the  case 
of  lead  hips  the  expansion  takes  place  down- 
wards, partly  by  reason  of  the  top  end  being 
fixed,  so  that  it  cannot  expand  upwards,  and 
partly  by  the  weight  o(  the  lead  dragging  from 
the  fixed  end.  On  contracting,  the  weight  of 
the  lead  and  friction  between  the  lead  and  the 
wood  roll,  prevents  the  lead  being  pulled  back 
to  its  original  position.  Supposing  that  this 
downward  motion  of  the  lead  took  place  to  the 


fixing.  As  the  hip  rolls  are  mitred  at  the  junc- 
tion, it  is  impossible  to  work  both  roll  ends 
down  in  their  position.  One  can  be  so  worked, 
but  the  other  must  be  done,  as  suggested,  on  a 
horse  before  fixing.  A  glance  at  B,  Fig.  125, 
may  help  to  make  this  more  clearly  understood. 
Hip  rolls  are  generally  made  2  in.  in  diameter, 
thus  requiring  the  lead  to  be  cut  out  19  in.  wide, 
that  is,  6  in.  for  the  roll,  6  in.  on  each  side, 
to  lay  on  the  slates,  and  i  in.  allowance  on  each 
edge  for  trimming  to  a  straight  line,  also  to  turn 
as  a  tack  at  the  lapping,  and  thus  prevent  .any 
loose  corners  which  would  flap  about  during  a 
high  wind.  Lead  tacks  should  be  fixed  about 
3  ft.  apart,  and  in  the  same  manner  as  described 
for  the  ridginjj. 

Care  should  be  taken  that  the  tacks  are  fi.xed 
at  right  angles  to  the  hip  roll,  and  not  parallel 
with  the  longitudinal  joints  or  lappings  of  the 
slates,  otherwise  the  tacks  act  as  conveyors  of 
water,  that  may  run  down  the  slates,  up  to  the 
hip,  where  it  can  pass  beneath  the  slates  into 
the  roof. 
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In  some  cases  ihe  hip  rolls  of  roofs  have 
been  covered  with  hip  soakers.  After  the  first 
course  of  slates,  commonly  called  the  under- 
eaves,  has  been  fixed  by  the  slater,  the  plumber 


Fig.  125. 

covers  the  wooden  hip  roll  with  a  piece  of  lead 
for  a  short  distance  up,  this  distance  being 
governed  by  the  size  of  the  slates,  allowing 
sufficient  lead  to  lay  on  the  slates  for  a  distance 
of  6  in.  on  each  side  of  the  roll.    The  next  course 


Fig.  126. 

of  slates  is  then  fixed  over  the  lead,  and  the 
edges  cut  to  fit  close  to  the  hip  roll.  The  shape 
of  the  pieces  oHead  is  as  shown  by  Fig.  126 
When  laid  in  their  position  they  have  the 
appearance  as  shown  by  dotted  lines  for  the 
three  bottom  courses,  and  firm  lines  for  the  top 
^,  in  Fig.  127.    None  of  the  lead  is  seen 


course. 


Fig.  127. 

vvhen  the  work  is  completed,  excepting  the  part 
that  covers  the  roll.  In  some  cases  the  wood 
roll  IS  omitted,  and  the  slates  cut  up  so  as  to 


meet  at  the  hip,  lead  soakers  being  placed  one  to 
each  course  of  slates.  These  soakers  are  cut  to: 
the  shape,,  shown  by  Fig.  128,  but  this  shape  is 


FIG  128. 

varied,  according  to  the  pitch  of  the  roof.  The 
dotted  lines,  Figs.  126  and  128,  show  the  creas- 
ing, or  where  to  be  bent  to  suit  their  positions. 

If  the  lead  soakers  are  intended  to  show  on 
the  face  of  the  slates,  instead  of  being  fixed  on 


Fig.  129. 

the  face  of  the  lower  slate,  and  beneath  the  oi.e 
immediately  next  above  it,  they  require  to  be  cut 
out  a  little  larger,  and  it  is  a  good  plan  to  leave 
two  lugs,  as  shown  at  B,  B,  Fig.  128,  for  folding 


FIG  130 


under  as  secret  tacks,  and  so  clip  under  the 
slates,  to  keep  the  wind  from  flapping  the  lead 
about.  Secret  hips  are  sometimes  fixed  to 
slated  roofs.  There  are  two  ways  of  doing 
these;  one  with  a  wooden  roll  and  the  other 
without  any  roll.  Fig.  129  is  a  plan  of  a  fraction 
of  a  hipped  roof,  showing  the  slates,  wood  roll, 
and  the  secret  hip,  with  welted  edges,  as  shown 
at  C,  C.  Fig.  130,  which  is  a  section  on  the  line 
P,  D,  Fig.  129,  is  drawn  to  make  this  construc- 
tion clear. 

Fig.  T3J  is  a  fragmental  section  of  a  hip, 
showing  a  secret  hip  covering.  In  this  case  the 
lead  is  not  seen,  the  slates  being  cut  up  so  as  to 
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meet.  It  is  not  necessary  for  the  lead  to  be 
more  than  about  2  in.  or  2i  in.  wide  on  each 
side  of  the  hip.  If  the  lead  is  put  on  wider  than 
this  the  slater  would  probably  drive  his  slate 
nails  through  the  lead.  This  should  be 
avoided,  as  the  lead  would  leak  through  the 


FIG  I3t 

perforations  made  by  the  nans.  The  welts,  too, 
should  be  neatly  turned,  otherwise  the  slater 
will  beat  them  down  with  his  hammer,  so  that 
his  slates  will  lay  better.  When  hammered 
down  closely,  the  welts  become  perfectly 
useless. 

Stoppid  Flashings. 

Referring  back  to  Fig.  124  a  small  portion  of 
stepped  flashing  is  shown  as  covering  the  point 
where  the  roof  abuts  against  an  end,  or  gable, 
wall.  If  this  end  had  been  constructed  of  stone, 
a  chase  or  raglet  would  have  been  cut  parallel 
with  the  slope  of  the  roof,  and  the  edge  of  the 
flashing  turned  in  as  described  for  cover  flash- 
ings. But,  in  the  case  of  brickwork,  a  chase 
would  be  difficult  to  cut  in  the  bricks,  and  there 
would  be  some  difficulty  in  making  a  neat-look- 
ing job.  For  this  reason  it  is  usual  to  cut  the 
flashings  in  such  a  way  that  at  each  successive 
joint  in  the  brickwork  a  portion  of  the  stand  up 
part  of  the  lead  is  turned  into  the  joints,  the 
mortar  being  "raked"  out  for  that  purpose. 
For  stepped  flashings  it  is  usual  to  cut  out  the 
lead  12  in.  wide;  6  in.  to  lay  on  the  slates  or  tiles, 
and  6  in.  to  stand  up  against  the  wall.  The  lead 
is  first  folded  lengthways,  like  the  letter  L, 
and  then  laid  in  its  position  on  the  roof,  and 
the  joints  in  the  brickwork  marked  on  the  stand 
up  part.  A  line  is  also  drawn  on  the  lead 
about  2i  in.  above  and  parallel  with  the  roof. 
This  is  called  the  "  water  line,"  and  marks  the 
extent  or  length  of  the  steps. 

About  I  in.  or  \\  in.  above  the  horizontal 
lines,  which  represent  the  joints  in  the  brick- 
work, other  lines  are  drawn;  the  pieces  of  lead 
between  these  parallel  lines  are  afterwards 
folded  for  turning  into  the  joints  of  the  brick- 
work. Other  lines  are  drawn  from  those  repre- 
senting the  brick  joints,  where  they  cut  the 
water  line,  to  those  immediately  above  on 
the  outer  or  top  edge  of  the  lead.  The  small 
triangular  pieces  of  lead  are  cut  out,  and  the 
pieces  between  the  parallel   horizontal  lines 


folded  as  before  described,  and  wedged  into  the 
joints  of  brickwork  as  shown  by  Fig.  124. 

I  have  said  it  is  usual  to  have  6  in.  of  lead  to 
stand  up  against  the  wall,  but  it  is  much  better 
to  allow  7  in.,  for  the  reason  that  some  of  the 
steps  will  be  found  to  be  too  short,  as  shown 
at  A,  A,  Fig.  132. 

The  step  could  be  cut  as  shown  by  dotted 
lines  at  B,  but  then  in  some  cases  the  lead  would 
be  nearly  upright,  and  exposed  in  such  a  way 
that  water  would  get  behind  during  a  driving 
rain.  Again,  the  horizontal  brick  joints  gene- 
rally vary  a  little  in  their  distances  apart,  so 
that  some  steps  are  required  to  be  longer  than 
others,  thus  necessitating  the  lead  being  wider. 
This  is  sometimes  ignored,  and  the  piece  cut 
out  from  the  water-line  to  the  outer  edge  on  a 
line  drawn,  as  shown  at  C,  D.  Nothing  looks 
much  worse  in  plumber's  roofwork  than  stepped 
flashings,  with  the  steps  cut  at  various  angles 
from  the  roof  A  glance  at  Fig.  132  shows  this, 
but  in  a  long  length  of  flashing  the  appear- 
ance is  a  great  deal  worse.  At  E  is  shown 
another  evil  which  is  often  found,  the  lead  is  cut 
further  than  necessary  with  the  knife.  Some- 
times this  cut  opens  and  leaves  a  small  gap 
through  which  water  can  pass.  The  end  of  the 
turned  in  part  of  the  step  at  F  should  be  driven 
well  into  the  wall  and  the  part  at  G  should  be 


FIG.!52 

pushed  outwards  by  the  point  of  a  chisel.  This 
should  be  done  for  two  reasons;  first,  so  that 
the  bricklayer  can  get  in  the  point  of  his  trowel 
to  force  the  cement  stopping  well  into  the  joint 
at  this  point;  and  secondly,  so  that  any  water 
running  down  the  face  of  the  step  immediately 
over  would  run  from  G  to  E,  instead  of  into  the 
wall  and  behind  the  lead.  This  part  is  always 
a  source  of  trouble,  when  not  properly  done,  by 
reason  of  the  rain  getting  into  the  roof  Lead 
wedges  should  always  be  used  for  step  flashings, 
more  especially  when  fixed  to  chimneys,  the 
heat  from  which  causes  wooden  wedges  to 
shrink  and  fall  out.  At  P,  Fig.  124,  is  shown, 
by  dotted  lines,  the  proper  way  to  fix  the  tacks  for 
holding  down  the  outer  edges  of  the  flashings 
that  lay  on  the  slates.  These  tacks  are  gene- 
rally fixed  at  right  angles  from  the  wall  and 
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parallel  with  the  longitudinal  joints,  or  laps,  of 
the  slates.  Any  water  that  may  be  running  down 
the  roof  and  get  under  the  lead  flashing  would 
be  diverted  by  a  tack,  so  fixed,  and  conducted 
inwards  to  the  wall.  When  the  tack  is  fi.xed  as 
shown,  the  water  would  be  induced  to  run  out- 
wards and  down  the  slates.  The  tack  should  be 
firmly  fixed,  with  lead  wedges,  into  a  groove  or 
joint  in  the  brickwork,  and  not,  as  is  usually 
done,  nailed  to  the  woodwork  under  the  slates, 
or  hung  onto  the  edge  of  a  slate. 

When  turning  the  tack,  care  should  be  taken 
to  place  an  iron  plale  beneath,  so  as  not  to  run 
the  risk  of  breaking  a  slate.  The  slates  are 
generally  hollow  at  these  positions  by  reason  of 
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a  feather-edged  piece  of  wood,  called  a  spring- 
ing or  tilting  piece,  being  placed  under  the 
edges  of  the  slates  to  tilt  them,  and  so  cause  any 
water  that  may  get  beneath  the  flashings  to  run 
out  again  in  the  same  manner  as  described 
when  speaking  of  the  tacks. 

Fig.  133  is  a  section  showing  the  tilting  piece, 
slates,  and  lead  flashings  as  usually  fixed  near 
the  gable  end,  or  a  chimney,  of  a  roof,  and  the 
hollow  spaces  beneath  the  slate  caused  by  the 
tilting  piece. 

A  much  better  way,  than  fixing  stepped 
flashings  for  making  the  junction  of  a  roof  with 
an  end  wall  weather  tight,  is  to  make  what  is 


Fig.  134. 

generally  known  as  a  secret  gutter.  This  is 
shown  by  Fig.  134.  In  this  case  the  lead  should 
be  cutout  14  in.  wide,  that  is,  Sin.  to  stand  up 
against  the  wall,  2  in.  for  the  sole  of  the  gutter 
I  in.  for  the  springing  and  3  in.  for  the  turnover 
and  hollow  welt.    The  reason  for  having  8  in. 


to  stand  up  against  the  wall  is  to  get  the  water 
line  of  the  steps,  shown  by  dotted  lines  between 
C,  C,  above  the  face  of  tha  slates  or  tiles.  If 
only  6  in.  stand  up  was  allowed  this  line  would 
be  level  with  the  slates,  or  perhaps  lower  than 
the  tiles  if  used,  and  thus  allow  water  to  get  be- 
hind the  steps  of  the  flashing.  This  evil  would 
be  aggravated  if  the  tiles  were  cut  tight  up  to 
the  flashing  instead  of  being  kept  2  in.  cleat  of 
the  wall. 

Fig.  135  is  a  section  of  a  secret  gutter  fi.xed 
next  to  a  brick  gable  wall.  A  is  the  sole,  B  the 
springing  over  which  the  lead  is  folded  and  C 
the  hollow  weit.  Some  architects  have  the 
tiling,  or  slating,  kept  about  in.  clear  of  the 
wall,  as  shown  by  Figs.  134  and  135,  so  that 
should  anything  fall  into  A  to  cause  an  obstruc- 
tion it  can  readily  be  removed.  Other  architects 
prefer  to  have  the  tiling  cut  tight  up  to  the 
wall  so  that  nothing  can  get  into  the  secret 
guttei  to  form  an  impediment  to  the  free  escape 
of  any  water  that  may  get  in.  Both  ways 
have  their  advantages.  Sometimes,  when  plain 
tiles  are  used  and  bedded  in  mortar,  pieces  will 
fall  in  and  entirely  choke  up  the  gutter  and  so 
render  it  perfectly  useless  for  its  purpose. 
When  the  open  space  is  left  the  gutter  can  be 
cleared  of  these  pieces  of  mortar.  When 
tiles  are  hung  dry  onto  the  battens,  instead  of 
being  bedded  in  mortar,  it  is  usual  to  bed  the 
slips,  or  half-tiles  necessary  to  break  the  lap,  as 
there  is  no  other  way  of  fixing  them.  Some 


architects  will  not  allow  slips  to  be  used  but 
specify  what  is  known  as  a  tile-and-a-half  to  be 
used  at  each  alternate  course  at  the  ends  of  the 
roof.  One  of  these  is  shown  at  D,  Fig.  134. 
These  large  tiles  save  a  great  deal  of  cutting, 
and  the  accompanying  waste  of  material,  and 
they  also  extend  beyond  the  welt  of  the  secret 
gutter  so  that  two  out  of  the  three  nibs,  which 
they  generally  have,  will  hang  on  the  wooden 
batten  for  support.  For  this  reason  the  secret 
gutter  should  not  be  made  wider  than  really 
necessary.  Not  more  than  2  in.  should  be 
lapped  over  the  springing,  and  an  extra  inch 
allowed  for  the  hollow  welt.  This  welt,  as  its 
name  implies,  should  be  hollow  as,  if  it  was 
dressed  down  flat,  it  would  not  offer  any 
resistance  to  water  escaping  over  it.  Care 
should  be  taken  not  to  nail  through  the  lead 
anywhere  inside  the  welt.  For  fastening  do  vn 
the  edge  of  the  lead  a  lead  clip  can  be  hooked 
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round  the  edge  of  the  hollow  welt  and  a  nail 
driven  in  as  shown  at  E,  Fig.  135.  Slaters 
generally  have  a  dislike  for  secret  gutters  when 
made  as  shown  by  the  above  Fig.  The  slates 
cannot  be  made  to  lay  so  closely  as  they  desire, 
and  very  often  they  will  hammer  down  the 
hollow  welt  until  it  is  quite  flat  when  it  ceases 
to  be  of  much  use  as  a  barrier  for  rain-water  to 
pass.  Some  slaters,  too,  are  careless  how  they 
fix  the  slates,  and  will  drive  nails  through  the 
lead  inside  the  hollow  welt.  When  these  nails 
get  loose,  which  they  invariably  do  after  a  time 
an  opening  is  made  for  water  to  leak  through 
the  nail  hole  in  the  lead. 

Another  way  of  making  secret  gutters  is 
shown  in  section  Fig.  136.  In  this  cass  the 
roof  boards  are  cut  li  in.  or  2  in.  short  as  shown 
at  F,  and  the  top  face  of  the  jack  rafter  forms 


3  in.  to  stand  up  and  3  in.  on  the  flat,  and  bent, 
as  shown  by  the  figuie.    For  slated  work  the 


the  sole  of  the  gutter.  When  fixing  secret 
gutters  it  is  unnecessary  to  dress  up  the  lead 
angles  so  as  to  make  the  outside  arrises  look 
sharp,  or  taking  as  much  pains  in  working  the 
lead  as  if  it  was  to  be  in  sight.  Neither  is  it  an 
easy  task  to  do  so  as  it  is  difficult  to  get  tools 
into  the  gutter  by  reason  of  its  narrowness. 

A  great  advantage  of  secret  gutters,  over 
ordinary  stepped  flashings,  is  the  lead  can  be 
fixed  before  the  tiling  or  slating  is  done,  and 
thus  save  the  large  amount  of  breakages  which 
usually  take  place  when  men  have  to  sit  on  the 
slates  to  fix  the  flashings.  Another  advantage 
is,  rain  cannot  drive  beneath  the  edges  of  the 
tiling  or  slating  as  the  end  wall  forms  a  shield 
or  protection. 

On  Soakers. 

Another  way,  practiced  by  plumbers,  of 
making  good  a  pitched,  or  sloping,  tiled  or  slated 
roof  to  an  end  wall  or  gable,  is  to  fix  what  is 
commonly  called  "soakers."  These  consist  of 
pieces  of  4  lb.  sheet-lead  (or  sometimes  sib.  is 
used),  cut  out  and  folded,  as  shown  by  Fig.  137. 
The  sizes  are  governed  by  the  sizes  of  the 
slates  or  tiles,  whichever  are  used.  Plain  tiles 
are  generally  about  1 1  in.  long  by  6  in.  wide. 
When  the  tiles  are  laid  with  a  3  in.  lap,  the 
soakers  should  be  cut  7  in.  long,  and  i  in.  left  on, 
as  shown  at  A,  for  turning  down  over  the  end  of 
the  tile,  as  a  preventive  against  the  soaker 
slipping  down.  The  width  of  the  soaker 
should  be  the  same  as  the  tile,  that  is,  6  in., 


soakers  must  be  cut  out  larger.  The  following 
table  is  about  a  fair  average  size  for  soakers— 


Description  ot 
slate. 


Empress 

„  Small 
Princess 
Duchess 
Marchioness 

„  SmaH 
Countess 
Viscountess 
Ladies 

„  Small 
Doubles 

)> 

Small 


Size  of  slates 
in  inches. 


26  by  16 


26 

24 
24 
22 
22 
20 
18 
16 
14 
13 
13 
12 
12 


14 
14 
12 
12 
II 
10 
10 
10 
8 

10 

7 


Size  of 
soakers 

in 
inches. 
iSi  by  8 
I5i  " 
I4i 
I  Ah 


12* 
iii 

9h 

9 

9 

8i 


The  above  table  of  sizes  for  soakers  is  calcu- 
lated on  the  basis  of  3  in.  lap  at  head  of  slates,  and 
I  in.  allowance  for  nailing  beyond  the  slate. 

Sometimes  a  flat  welt  is  turned  on  the  edge  of 
the  soaker,  as  shown  by  dotted  line.  Fig.  137,  but 
this  is  of  very  little  use  and  is  objectionable,  as 


Fig.  138. 

it  causes  the  slate  to  lay  hollow  at  that  point. 
Fig.  138  is  a  small  perspective  sketch,  showing 
how  the  soakers  and  tiles,  or  slates,  are  fixed. 
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At  H  is  shown  the  last  soaker  that  was  fixed 
ready  for  the  next  course  of  tiles.  The  only 
part  of  a  soaker  that  is  seen,  when  the  tiles  are 
fixed,  is  the  stand  up  part  against  the  wall. 
Sometimes  a  chalk  line  is  struck  parallel  with 
the  slope  of  the  roof,  and  the  points  I,  I  cut  off. 
A  strip  of  lead  6  in.  wide,  for  a  cover  flashing,  is 
next  cut  out  and  placed  in  position;  and  the 
joints  of  the  brickwork  marked  upon  it,  after 
which  the  steps  are  cut  and  turned,  and  wedged 
to  the  wall  in  the  usual  way.  The  bottom  edge 
of  the  cover  flashing  should  be  pushed  down  so 
that  the  corners  of  the  tiles  will  hold  it  from 
flapping  about  during  a  high  wind. 

It  takes  longer  to  do,  but  it  makes  a  better 
job  to  cut  out  the  soakers  about  11  in.  wide,  and 
let  7  in.  stand  up  against  the  wall,  as  shown  at 
J,  J.  The  stand  up  part  can  then  be  marked, 
and  the  steps,  to  fit  the  joints  of  brickwork,  cut 
out  of  the  soakers,  the  edges  then  turned  and 
wedged  to  the  wall  in  the  same  manner  as 
ordinary  stepped  flashings.  Pains  should  be 
taken  to,  as  tar  as  possible,  let  the  turn-in  of  the 
lower  soakers  be  continued  a  good  distance 


Fi".  139. 

behind  those  immediately  next  above.  By 
doing  this  there  are  fewer  places  left,  as  shown 
at  G  and  E,  Fig.  132,  for  water  to  get  m  and 
behind  the  lead-work 

Secret  gutters  or  soakers  should  always  be 
used  when  the  end  wall  is  at  an  acute  angle 
with  the  ridge  of  the  roof.  When  ordinary 
stepped  flashings  are  fixed  with  the  flat  part 
laying  on  the  top  of  the  slates,  all  rain  water 
falling  near  that  part  will  run  beneath  the  lead 
and  so  pass  into  the  roof,  the  flashing  being  of 
no  use  whatever. 

Fig.  139  illustrates  this,  and  the  arrows  repre- 
sent the  way  that  water  streaming  down  the 
roof  would  pass  beneath  the  lead  flashing. 
Sometimes  the  end  of  a  pitched-roof  is  con- 
structed, as  shown  on  plan  at  Fig.  140,  with  a 
gutter  at  the  bottom  of  the  hipped  end. 

Where  soakers  are  used  to  make  good  the 
slating  of  the  sides  of  the  roof  to  the  end  wall, 
the  gutter  at  the  end  can  be  made  to  discharge 
onto  the  slates  at  the  sides.  In  cases  where 
large  quantities  of  water  would  be  collected  in 
the  end  gutter  it  is  much  better  to  make  pro- 
vision for  taking  away  the  water  by  continuing 
the  gutter  down  the  sloping  sides  of  the  roof 
A  special  construction  is  necessaiy  for  this  side 


gutter,  which  is  shown  on  the  plan  as  running 
from  the  gutter  next  the  parapet  wall  up  to  the 
hips.  The  way  this  gutter  is  usually  arranged 
is  shown  by  the  section.  Fig.  141.    A  wooden 
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Fig.  140. 

roll  is  nailed  on  the  roof  at  the  same  distance 
from  the  wall  as  the  width  of  the  outlet  end 
of  the  end  gutter.  The  lead  is  then  fixed  as 
shown  in  the  figure,  the  side  next  the  wall 
being  stepped  into  the  joints  of  the  brick- 
work, the  other  side  being  turned  over  the 
wood  roll,  and  a  welt  turned  as  described  for 
secret  gutters.  The  roll  prevents  the  water 
that  passes  down  from  spreading  over  the 
slates.  The  roll  should  stand  above  the  face 
of  the  finished  slating  to  prevent  a  driving 
rain,  or  high  wind,  getting  beneath  the  edges 
of  the  slates.  It  is  always  advisable  to  pro- 
tect the  edges  of  the  slating,  especially  when 
in  exposed  situations,  as  a  high  wind  will  fre- 
quently get  beneath  and  strip  the  whole  of 
the  slates  off  a  roof 

Referring  again  to  Fig.  141,  sometimes  the 
lead   is   laid  over  the  slating.     This  is  not 


so  good  as  the  other  method  described,  for 
the  reason  that  wind  can  get  beneath  the  ex- 
posed edge  of  the  lead.  Neither  is  the  lead 
so  well  fixed,  the  only  protection  against  its 
slipping  down  being  the  wedging  to  the  wall 
on  the  stepped  side,  and  two  or  three  nails 
driven  in  at  the  top  end. 

In  the  case  of  a  hipped  end  to  a  Mansard 
roof,  as  shown  by  Fig.  142,  it  is  not  always 
necessary  to  fix  a  gutter  on  the  lower  portion 
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of  the  roof  when  a  projecting  nosing,  sometimes 
called  a  "Torus  roil,"  is  fixed,  as  any  water 
coming  over  this  roll  will  drip  straight  down 
into  the  gutter  below. 

It  has  been  found  necessary  in  some  exposed 
positions  to  fix  this  gutter  below  the  curb  or 
Torus,  but  to  do  it  properly  it  is  necessary  to 
cut  off  the  end  of  the  roll  to  the  width  of  the 
gutter  above.  This  is  generally  objected  to; 
the  Torus  being  intended  as  an  ornament  any 
interference  with  it  would  spoil  its  appearance. 
But  the  primary  object  being  to  make  the  roof 
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Fig.  142. 

weathertight,  appearances  have  sometimes  to 
give  way  to  necessity.  The  writer  has  had 
great  trouble  in  making  roofs,  similar  to  Fig. 
142,  weatherproof.  They  have  been  proof 
against  the  severest  downfall  of  rain,  but  high 
winds  will  sometimes  drive  falling  rain  aboiit  in 
directions  never  thought  of.  In  one  case,  simi- 
lar to  Fig.  142,  water  was  running  out  of  a 
gutter,  and  over  a  curb  roll  with  a  kind  of 
cascade  action.  The  wind  caught  this  water 
and  dashed  it  against  the  dormer,  and  other 
places  near,  where  it  got  beneath  the  slates  and 
lead  work  and  into  the  house,  where  it  showed 
through  the  plaster  work  in  the  attics.  When 
the  lower  gutter  is  properly  fixed  and  arranged, 
this  cascade  action  is  avoided,  as  the  water  runs 
down  the  lead  gutter,  and  is  not  so  much  ex- 
posed to  the  wind. 

On  Finials, 

The  hip  rolls  of  an  ordinary  hipped  roof  are 
generally  mitred  to  the  end  of  the  ridge  roll.  In 
some  cases  a  finial,  or  terminal,  is  placed  at  the 
extremity  of  the  ridge-roll  where  it  joins  the 
hips  or  terminates  over  a  gable.  These  finials 
are  sometimes  quite  plain,  as  shown  by  Figs. 
88  and  143.  After  the  hips  and  ridge  have 
been  covered  with  lead  in  the  ordinary  way,  and 
with  the  ends  of  the  lead  worked  so  as  to  stand 
up  2  in.  or  3  in.  against  the  base  of  the  finial, 
which  is  generally  of  wood,  a  circular  piece  of 
lead  is  cut  out  to  the  required  dimensions, 
placed  in  its  position,  and  worked  down  in  such 
a  way  as  to  entirely  cover  the  wood  block  and 
the  ends  of  the  ridge  and  hips  lead.  This  is  a 
first-class  way  of  doing  the  work,  but  great  care 
must  be  taken  when  working  the  lead,  borne 
men  will  do  a  great  deal  to  the  piece  of  lead  in 
the  workshop  on  a  horse,  and  this  is  a  good 
plan,  as  the  man  can  walk  round  it  and  also  be 


able  to  hold  a  dummy,  or  a  large  mallet,  on  the 
underside,  to  prevent  the  lead  getting  into 
creases  or  buckles  when  bossing  down  the  out- 
side. Care  must  be  taken  when  working  down 
the  lead  not  to  contract  it,  and  so  make  it  thicker 
than  it  was  at  starting,  which  will  make  it 
harder  to  work  and  more  difiScult  to  remove 
the  tool  marks  on  completion.  Another  reason 
for  working  the  lead  so  as  not  to  thicken  it,  is, 
that  some  parts  get  thicker  than  others,  with  the 
result  that,  when  working  on  those  thick  parts, 
the  thin  places  will  keep  stretching,  until  at  last 
a  hole  is  made,  and  this  sometimes  occurs  a  few 
inches  away  from  the  part  being  worked  upon. 
If  the  lead  is  worked  in  its  position,  or  partly 
done  before  placing  it  there,  and  pains  not  taken 
to  prevent  it,  a  round  disc  of  lead  will  be  cut  out 
of  the  top  by  allowing  the  whole  weight  of  the 
lead  to  rest  upon  the  top  of  the  tree  of  the  finial. 
The  top  of  the  tree  should  have  all  sharp  arisses 
pared  off,  and  it  is  a  good  plan  to  place  a  piece 
of  softening  between  it  and  the  lead,  which  could 
afterwards  be  removed,  before  it  is  worked  light 
home,  by  lifting  off  the  piece  of  lead  for  that 
purpose. 

When  the  tree,  or  stem,  of  the  finial  is  long  and 
slender,  an  apron  piece  can  be  worked  to  fit  the 
base,  and  then  a  piece  of  drawn  lead  soil-pipe 
used  to  cover  the  upper  portion.  When  this 
way  is  adopted  the  wood  should  have  a  portion 
cut  out,  equal  to  the  thickness  of  the  lead,  where 


FIG.  143 

the  end  of  the  pipe  laps  over  the  apron  piece. 
This  will  avoid  an  ugly  lookingbump  which  would 
otherwise  occur  at  the  lap.  In  some  cases 
finials,  similar  to  the  one  under  discussion  have 
had  a  small  ball  fixed  on  the  top  end  and  a 
larger  one  lower  down,  as  shown  by  the  dotted 
lines.  Fig.  143.  Some  I  had  to  cover  a  few 
years  ago  had  the  balls  cut  away  and  separate 
pieces  of  wood  turned  with  holes  through  them 
to  fit  the  trees.  These  loose  balls  were 
separately  covered  with   lead  and  the  holes 
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lined  with  pieces  of  pipe  and  then  dropped  on 
their  positions.  It  is  necessary  to  line  the  holes 
through  the  balls,  otherwise  wet  would  get  in 
and  rot  the  woodwork. 

Where  the  finials  are  dwarfed  in  height 
and  made  thick,  so  as  to  look  bold,  it  is  a  good 


FIC  Ka- 
plan to  cover  the  whole  with  one  piece  of  lead. 
Great  care  is  required  in  working  the  lead  for 
a  finial  of  this  kind,  and  it  is  best  to  boss  the 
lead  partly  into  shape  in  the  workshop,  and  then 
drop  it  on  the  tree,  the  lead  being  worked  to 
the  shape  shown  by  dotted  lines  Fig.  144.  The 
plumber  should  then  commence  to  work  the 
parts  A,  A,  beneath  the  ball,  the  top  portion 
being  left  until  the  last.    This  will  prevent  the 
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lead  being  dragged  into  holes,  or  the  piece  on 
tlie  lop  being  cut  out  by  the  weight  of  the  lead 
lesting  on  the  tree. 

The  tops  of  turrets  generally  have  an  orna- 
mental finish  to  them— indeed  they  look  ugly 


and  unfinished  unless  an  ornament  is  fixed  on  the 
apex.  As  an  example,  let  Fig.  77  represent  the 
elevation  of  a  round  turret,  or  spire,  covered  with 
tiles.  The  tiles  for  this  purpose  should  be 
specially  made,  as  each  course  would  require  to 
be  smaller  than  the  one  immediately  below  it. 
But  it  would  be  impossible  to  make  the  apex, 
or  extreme  point,  weathertight,  unless  a  capping- 
tile  was  fixed,  and  this  capping-tile  would  require 
to  be  a  very  large  one,  and  should  extend  some 
considerable  distance  down  so  as  to  lap  over 
the  plain  tiles,  and  then  again  this  capping- 
tile  would  require  to  be  specially  made  to  fit 
the  turret  and  necessitate  moulds  for  making  it 
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in.  But  lead  being  easily  worked  to  almost  any 
shape  by  a  skilful  plumber,  it  is  usual  to  cover 
the  top  end  of  a  finial  with  that  material.  Any 
small  ornament  would  considerably  improve 
the  appearance  of  Fig.  77,  as  may  be  noticed 
by  referring  to  Fig.  145.  In  this  case  an  acorn 
or  other  shaped  figure  could  be  turned  out  of  a 
piece  of  wood,  fixed  as  shown,  and  covered  with 
lead.    If  a  weather-vane  is  to  be  fixed,  a  plain 
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block  could  be  covered  with  lead  to  form  abase, 
as  shown  by  dotted  lines,  and  the  vane  would 
then  form  an  ornamental  finish  to  the  turret. 

Some  architects  will  make  a  special  feature  of 
a  turret.  A  great  many  are  made  for  ornament 
only,  or  to  relieve  the  monotony  of  a  large 
expanse  of  building  or  roofing,  but  in  some  cases 
a  bell  may  be  hung,  or  a  clock  fixed,  in  the  lower 
portion.  But  when  they  are  fixed  for  ornament, 
the  finish  at  the  apex  is  generally  elaborated. 
Fig.  146  is  a  rough  sketch  of  one  the  writer 
made  some  few  years  ago  from  the  design  of  a 
celebrated  architect,  who  made  a  special  feature 
of  the  whole  of  the  lead  work  on  the  roof  of  a 
nobleman's  country  mansion.  The  lead  work 
was  8  ft.  high,  and  took  two  pairs  of  plumbers 
nearly  a  month  to  make  and  fix  it.  The  subject 
was  a  thistle,  and  made  ent  rely  of  sheet-lead, 
which  had  to  be  so  arranged  as  to  be  self 
supporting,  that  is,  it  had  no  woodwork  above 
the  base.  The  ball  part  of  the  flower  was 
bossed  out  of  a  piece  of  lead,  and  then  covered 
with  about  100  small  pieces  of  lead,  arranged  as 
sliown  in  the  sketch.    The  top  of  the  flower 


appearance  certain  works  have  presented  when 
completed. 

On  referring  back  to  previous  lectures,  I  find 
that  it  will  be  unnecessary  to  say  anything  about 
lead  domes  or  finials,   as  the  leading  points 


were  dealt  with  in  the  chapters  on  "  Geometry 
as  applied  to  plumbing." 

We  will  now  proceed  to  consider  a  slated 
roof  with  a  lead  flat  on  the  top.  The  construc- 
tion ofthTs  roof  would,  in  builders  phraseology, 
be  called  a  "  Queen-post  roof,"  and  as  shown 


FIG  .  148 

was  made  and  soldered  to  the  ball.  The 
flower  was  then  soldered  on  ihe  top  end  of  a 
piece  of  very  strong  lead-pipe  made  tapering, 
to  form  the  stem,  and  the  stem  was  then 
covered  with  sheet-lead,  cut  to  represent  thistle 
leaves.  The  lower  portion  was  also  made  of 
sheet-lead  to  represent  the  foliage  of  a  thistle, 
and  this  had  strengthening  pieces  fixed  inside  to 
keep  it  in  its  position,  or  from  getting  out  of 
shape.  An  iron  rod  was  passed  through  the 
stem,  and  a  weather-vane  fixed  on  the  top  end 
of  the  rod.  Great  numbers  of  examples  of  this 
kind  of  work  could  be  given,  but  it  is  unneces- 
sary to  do  so.  It  is  very  rarely  that  cases  are 
repeated  in  practice,  as  every  architect  will 
make  his  own  designs,  and  these  designs 
require  special  treatment,  which  in  some  cases 
call  for  a  great  amount  of  ingenuity  on  the  part 
of  the  plumber,  and,  it  may  be  added,  that  mo^t 
plumbers  delight  in  having  work  given  them  to 
execute  which  calls  forih  their  utmost  skill.  It 
is  not  at  all  unusual  to  hear  plumbers,  in  their 
conversations,  boastingly  speak  (with  pardonable 
pride)  of  the  methods  they  have  employed  to 
get  over  certain,  difficulties,  and   of  the  nice 


by  section.  Fig.  147,  the  sloping  sides  are 
covered  with  slates,  and  the  flat  part  on  the  top 
is  covered  with  lead.  If  the  lead  flat  is  only 
about  10,  12,  or  even  14  ft.  across,  the  pieces  of 
lead  may  extend  right  across  from  eaves  to 
eaves,  as  shown  by  the  bay  marked  A, 
Fig.  148,  but  if  the  roof  is  a  very  large  one  a 
roll  would  be  fixed  down  the  centre  as  shown  in 
the  Fig.  It  is  best  to  avoid  this  centre-roll 
where  possible,  as  the  bays  of  lead  often 
"crawl"  down  the  roof  and  leave  the  roll  exposed. 
In  some  cases  the  lead  bays  extend  some  dis- 
tance down  the  sloping  sides  of  the  roof,  and 
lay  on  the  slates  as  shown  at  D,  in  other  cases 
a  lead  apron  is  fixed,  and  the  ends  of  the  bays 
dressed  down,  as  shown  by  dotted  lines  at  E. 
In  looking  over  roofs  constructed  in  this  man- 
ner it  is  usual  to  find  the  plumber  has  made 
"soldered  dots,"  to  keep  the  wind  from  blowing 
up  the  ends  of  the  bays.  This  may  be  con- 
sidered a  very  unwise  proceeding,  as  soldered 
dots  never  answer  the  purpose  for  which  they 
were  intended.  The  expansion  and  contraction 
of  tlic  lead  invariably  causes  a  breakage  round 
the  dots.    It  is  a  much  better  plan  to  omit  the 
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dots  and  fix  "bale"  or  secret  tacks,  as  shown  by 
sketch  section,  Fig.  149,  which  shows  the  end  o£ 


the  bay  clipped  round,  a  secret  tack  being  nailed 
oil  to  thewood  work.  This  tack  holds  the  end  of 
the  bay  lead  down,  and  at  the  same  time  allows 
it  to  expand  without  hindrance.  These  secret 
tacks  are  sometimes  made  of  sheet  copper, 
which  is  a  stiffer  metal  and  can  be  used  of  less 
substance  than  lead  and  thus  make  neater  work 
by  avoiding  bumps  where  the  tacks  are  fixed — 
another  way  of  arranging  the  dripping  eave  of  a 
lead  flat  is  to  fix  a  wood  nosing,  as  shown  at  F, 
Fig.  148,  round  which  the  ends  of  the  bays  are 
worked  and  left  so  that  the  wind  cannot  get 
under  the  edges  of  the  lead.  The  wooden  nos- 
ing is  sometimes  covered  with  lead  before  the 
bays  are  laid,  but  more  often  the  lead  apion  is 
nailed  on  first,  next  the  nosing,  and  the  ends  of 
the  bays  are  then  worked  round  it.  When  done 
this  way  the  water  will  get  through  the  laps  a 


the  ends  of  the  rolls  near  the  nosing,  and  it  is 
necessary  to  work  a  water  groove  in  the  under- 
cloak,  as  described  when  writing  on  capillary 
attraction  and  illustrated  by  Fig.  11 15.  In 
some  cases  this  nosing  has  been  covered,  and 
the  apron  flashing  formed  with  one  piece  of 
leari,  in  others  two  pieces  of  lead  have  been 
nailed  on   as    aprons,  the  wood  nosing  then 


fixed,  and  the  top  piece  of  lead  folded  round  it 
and  nailed  on  the  flat,  as  shown  in  section.  Fig. 
150.  This  is  considered  to  be  the  best  method 
for  constructing  this  portion  of  the  work. 

Referring  back  to  Fig.  148,  at  G  is  shown  the 
roll  end  cut  short  of  the  nosing.  This  should 
never  be  done,  as  the  few  inches  between  the 
roll  end  and  the  nosing  lays  quite  flat,  and 
water  can  pass  between  the  laps  of  the  lead  at 
that  point.  The  writer  has  seen  great  numbers 
of  roll  ends  cut  as  described,  and  the  wood- 
work beneath  quite  rotten  from  the  wet  that  has 
got  in  between  the  laps.  The  roll  end  should 
always  be  continued  as  far  as  possible,  as 
shown  by  Fig.  150.  In  cases  where  the 
architect  does  not  wish  these  roll  ends  to  be 
seen  from  below,  they  should  be  cut  sloping,  as 
shown  by  dotted  lines.  Fig.  150. 

Another  way  for  covering  the  nosing  at  the 
edge  of  a  lead  flat  is  shown  at  Fig.  151.  The 


lead  is  first  creased,  and  the  arrises  are  set  in 
with  a  dresser,  as  shown  at  A  and  B.  The  lead 
is  then  placed  in  its  position,  as  shown  in  the 
figure,  and  temporary  wooden  struts  placed  so 
as  to  keep  A  tight  up  under  the  nosing.  The 
loose  edge  C  is  then  folded  round  the  roll,  as 
shown  by  dotted  lines,  into  a  rebate  cut  in  the 
woodwork  at  the  edge  of  the  flat,  and  nails 
driven  it  at  intervals  of  about  6  in.,  to  hold 
the  lead  down,  so  that  it  will  not  become  hollow 
on  the  roll,  and  so  become  bruised  and  dis- 
figured when  the  ends  of  the  bays  are  being 
worked  down.  Where  laps  come  on  the  nosing 
the  underclonk  should  be  let  into  the  woodwork 
in  the  same  manner,  as  shown  at  Fig.  115  in  an 
earlier  lecture.  A  water  groove  should  also  be 
cut  to  prevent  capillary  attraction  drawing 
water  in  betw-  en  the  laps  of  the  lead.    If  the 
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plumber  is  careful  to  "  fold  "  the  lead  round  the 
wood  nosing,  instead  of  dressing  it  round,  the 
lead  would  be  free  from  tool  marks,  and  thus 
present  a  smart  appearance.  To  fold  the  lead 
as  described,  it  is  a  good  plan  for  the  plumber 
and  his  mate  to  kneel  on  the  wooden  platform, 
above  his  work,  and  place  a  piece  ot  smooth 
board,  the  length  of  the  lead,  beneath  the  part 
C,  Fig.  151,  and  pull  it  towards  them.  If  this  is 
carefully  done,  the  dresser  need  not  be  used  at 
all,  excepting  to  dress  the  edge  of  the  lead  into 
the  rebate.  These  remarks  apply  when  turning 
the  overcloaks  of  rolls  on  the  lead  flat.  Nothing 
annoys  a  good  plumber  more  than  seeing  a  lot 
of  bruises  and  useless  tool  marks  on  the  rolls, 
when  he  is  laying  a  lead  flat,  or  to  see  anyone 
scratch  them  by  walking  on  them  with  nailed 
boots. 

The  mate,  too,  should  always  have  a  soft 
broom,  and  sweep  away  all  grit  and  pieces  of 
rubbish  that  ge:  scattered  about  on  the  lead  and 
which  would  get  driven,  or  trod,  into  its  surface, 
injuring  the  lead  and  tools,  and  giving  the  work 
when  completed  a  ragged  and  anything  but  a 
smart  appearance. 

There  is  a  little  diff"erence  of  opinion  as  to  the 
way  the  rolls  on  a  lead  flat  should  be  covered 
with  lead.  Fig.  152  shows  three  different 
methods,  drawn  full  size.  At  A,  the  undercloak 
is  continued  to  the  centre  of  the  top  of  the  roll, 
and  the  overcloak  is  only  continued  as  far  as 
shown.  This  is  far  from  being  a  good  job, 
for  the  following  reasons— The  lap  is  not 
sufficient  to  resist  capillary  attraction.  Any 
water  that  falls  on  the  roll  would  run  to  the  edge 
of  the  overcloak  and  be  drawn  into  the  lap. 
The  nails  driven  into  the  overcloak  would  come 
on  the  crown  of  the  roll,  and  probably  the 
heads  would  show  through  the  overcloak  when 
finished.  Extra  nailing  would  be  necessary  to 
prevent  the  und;rcloak  being  pushed  off  the  roll 
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FIG  152 

when  the  overcloak  was  being  turned.  The  free 
edge  of  the  overcloak  would  spring  out  should 
anything  fall,  or  any  one  step,  on  the  roll. 

The  illustration  B  shows  a  much  better  way, 
which  is  more  generally  carried  out,  than  the 
preceding.  In  this  case  the  undercloak  is 
carried  over,  so  that  the  nailing  is  more  on 
the  side  of  the  roll,  and  further  away  from 
any  moisture  which  would  cause  the  heads  to 
rust  and  become  useless.  The  edge  of  the 
lead  undercloak  could  be  rasped  or  shaved  to 
a  feather  edge.  The  overcloak  is  carried  round 
the  roll,  and  lays  about  i  in.  to  liin.  on  the 
flat  of  the  next  bay.  This  stiffens  the  edge  of 
the  overcloak,  and  offers  a  greater  resistance 
to  its  opening  out  by  traffic  over  the  flat,  or  by 
the  movement  caused  by  the  contraction  and 
expansion  of  the  metal.  The  illustration  C 
shows  the  undercloak  turned  right  round  the 
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wood  roll,  and  is  copied  from  the  drawings  of 
an  architect,  under  whom  the  writer  has 
worked,  who  always  supplies  drawings  of  all 
details  of  plumbers'  work.  In  this  case  it  is 
not  necessary  to  nail  the  undercloak,  and  thus 
the  lead  is  free  to  move  by  atmospherical 
influences. 

Wood  rolls  for  ridges  and  hips  are  usually 
made  circular,  in  section,  with  a  slightly 
flattened  base,  but  for  a  lead  flat  these  rolls 
would  look  dumpy,  and  where  small  ones  of 
I J  in.  in  diameter  are  used,  the  lead  could  not  be 
tucked  under  the  sides,  so  as  to  offer  a  resistance 
to  be  torn  up.  In  practice,  the  roll  shown  at 
B,  Fig.  152,  is  found  to  answer  very  well,  and 
to  have  a  good  appearance  when  finished. 

Plumbers  vary  very  much  in  their  methods  of 
working  down  the  roll-ends  of  a  lead  flat.  The 
usual  practice  is  to  turn  the  overcloak  and  "  set 
it  in  "  tight,  and  then  place  a  temporary  wooden 
strut  to  keep  the  part  that  lays  on  the  flat  tight 
up  to  the  roll,  near  the  end.  A  hand-dummy  is 
then  held  beneath  the  part  that  projects  beyond 
the  roll,  and  the  lead  worked  down  by  means  of 
a  small  hand-mallet.  When  working  the  roll- 
end  down  the  lead  is  contracted,  and  generally 
gathers  into  a  thick  hard  mass  which  gels  full 
of  tool  marks,  entailing  a"  considerable  amount 
of  labour  to  afterwards  get  them  out.  Another 
way,  and  which  may  be  considered  better,  is  to 
set  m  the  overcloak  to  within  6  in.  or  8  in.  of  the 
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roll-end,  then  pull  up  the  corner  and  cut  off  a 
piece  about  ijin  to  2  in.  wide  at  the  outer  edge 
up  to  nothing  at  the  marginal  edge  near  the 
drip  of  the  flat,  as  shown  by  dotted  lines,  Fig. 
153.  Then  with  a  small  smooth-faced  mallet 
commence  at  A  and  work  the  lead  sideways  to- 
wards the  left  until  the  lead  creases  round  that 
side  of  the  roll-end;  then  commence  at  B,  to 
work  that  part  in  the  same  manner  as  if  a  cor- 
ner was  being  bossed  down.  By  working  the 
lead  this  way  the  superfluity  is  worked  out  side- 
ways, very  few  tool  marks  are  left,  not  nearly  so 
much  labour  is  required,  and  the  lead  retains  an 
even  thickness.  Several  plumbers  I  know 
work  this  way,  and  undertake  to  boss  a  roll-end 
down,  finish  it  off,  turn  and   trim  the  tack 


under  three  minutes.  The  roll-end  when 
finished  presenting  the  appearance  as  shown  by 
Fig.  154.  Some  plumbers  will  have  a  very  hard 
srnooth-faced  box-dresser,  or  failing  that  tool, 
will  take  a  polished-faced  hammer,  to  finish  the 
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roll- end— will  make  it  as  smooth  as  a  piece  of 
glass,  and  afterwards,  by  a  few  gentle  taps,  take 
off  the  sharp  arris  round  the  roll-end  and  leave 
it  slightly  bevelled.  The  tack  is  shown  as 
turned  over  the  overcloak,  but  some  plumbers 
will  turn  a  secret  tack,  that  is,  turn  the  tack 
backwards  so  as  to  clip  under  the  undercloak. 
Some  plumbers,  instead  of  cutting  ofl'the  piece  of 
lead,  as  described  before  working  down  the  roll- 
end,  will  leave  it  on,  which  gives  them  a  great 
deal  more  trouble,  and  afterwards  trim  it  oft  as 
shown  by  dotted  lines.  Fig.  154.  This  corner 
when  left  on,  answers  no  good  purpose  and  is 
objectionable  by  reason  of  its  offering  an 
obstruction  to  water  flowing  down  the  lead  bay. 

The  cross  rolls  shown  on  the  two  nearest  bays, 
Fig.  148,  require  care  in  working,  but  in  the 
hands  of  a  skilful  plumber  they  present  no 
difficulties.  The  principal  point  to  remember 
is  to  use  the  chase-wedge  in  a  proper  manner 
and  not  in  such  a  way  as  to  reduce  the  thickness 
of  the  lead  in  the  arris.  Instead  of  dragging 
or  stretching  the  lead  it  should  be  driven  in 
from  the  outer  edges  A,  B,  C,  Fig.  155.  A  steel 
or  sheet  iron-plate,  as  shown  by  dotted  lines, 
being  placed  so  as  to  prevent  the  under  lead  be- 
ing bruised;  the  chase-wedge  held,  as  shown  by 
the  arrow,  against  the  edge  of  the  lead  over- 
cloak at  A,  and  driven  by  good  strokes  with  a 
medium  sized  mallet.  This  will  thicken  the 
edge  of  the  lead  and  cause  a  buckle  to  rise  in 
the  angle  between  the  rolls.  This  buckle  can 
be  gently  worked  down  with  a  narrow  and 
thick  edged  chase-wedge  and  then  the  outer 
edge  again  driven  in,  repeating  these  operations 
until  the  lead  is  tight  home.  A  piece  of  board 
should  be  placed  on  the  top  of  the  rolls  forming 
the  angle  A,  for  the  plumber  to  kneel  upon, 
and  then  the  angle  B  worked  home  in  the  same 
manner  as  the  other  one  described.  The  piece 
of  board  should  then  be  shifted  round 
for  the  workman  to  kneel  upon  and  keep  the 
lead  from  being  dragged  out  of  the  corners  that 
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liave  been  finished  until  the  third  one  has  been 
worked  home.    This  last  corner,  shown  at  L,  is 
not  one-half  the  trouble  of  the  others,  and  can 
be  folded  and  driven  down  by  the  mallet  until 
it  is  more  than  half-way  home  when  the  chase- 
wed-e  must  be  used  as  described  for  the  other 
angles,  to  completely  get  it  back  into  the  arris 
Some  plumbers  will  trim  the  overcloak  over  the 
rolls  in  a  line  with  the  flat  part,  on  the  sole  of 
the  bay,  and  as  shown  by  dotted  lines  at  E,  but 
it  is  much  better  to  trim  as  shown  so  as  to  get 
good  laps  on  the  tops  of  the  rolls.    It  is  a 
further  advantage  to  make  a  water-groove  in  the 
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undercloak,  as  shown  by  double  dotted  line  at 
D  to  prevent  water  being  drawn  between  the 
(eki  lappings.  Young  plumbers  at  the,r  fi  st 
attempts  at  intersections  of  rolls  are  ""^  usually 

careful  to  keep  down  the  ^"/"^-l^^^^^  ^^t  in 
been  worked  home,   with   the  result  that  n 
working  one  angle  they  will  drag        ^ad  up 
from  the  others,  thus  necessitating  their  being 
IgaTn  worked  down.    They  also  get  the  lead  so 
thin  that  on  attempting  to  rework  the  ^orners 
thAv  break  a  hole  through  the  lead.  Anoiner 
Sm^n  mistake  is  to  hive  the  chase-wedges 
and  dressers  too  sharp,  and  so  eitl^e.  cut  the 
lead  or  reduce  it  in  thickness  in  the  arrises,  ii 
should  be  a  standing  rule  that  in  -o^king  sheet^ 
lead  no  parts  should  be  reduced  to  'ess  than 
he  original  substance  and  neither  angles  no 
arrises  worked  to  a  sharp  edge.     It  does  not 
necessarily  follow  that  they  should  be  left  i^n- 
Lven  or  slovenly,  but  should  be  quite  straight, 
!nd  ex  ernll  aiS  internal  angles  dressed  to  the 
same  radii,  that  is  the  edges  of  dressers  and 
chTse-wedges  should  never  be  sharper  than 
would  fi    the  angles  by  the  sides  of  the  rolls 


shown  at  Fig.  152,  and  external  angles  should 
be  dressed  to  the  same  roundness. 

When  a  drip  crosses  a  lead  flat  the  drip 
should  be  at  least  i  in.  higher  than  the  depth  of 
the   rolls,   as  shown   by   section,    Fig.  156. 
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Indeed  it  would  be  better  if  3  in-  drips  were 
made  where  ijin.  rolls  are  used.    Fig.  I57 js 
drawn  to  show  what  is  usually  done.     In  tnis 
case  the  end  of  the  bottom  roll  stands  higher 
than  the  drip,  so  that  any  water  getting  in  the 
lap,  as  shown  by  the  arrow,  could  pass  between 
the  over  and  undercloaks  and  get  beneath  the 
end  of  the  upper  bays.     Should  any  reader 
have  an  opportunity  of  looking  over  a  lead-flat, 
with  a  drip  across,  that  has  been  laid  some 
years,  and  pull  up  the  end  of  the  overcloak  of 
the  top  bay,  he  will  find  ihe  woodwork  at  Z  in  a 
state  of  decay.    In  a  great  many  cases  the  over- 
cloak at  Y  lays  on  the  bottom  roll  only  about  i  in. 
so  that  there  is  no   protection    against  ram 
drivincr  in.     With  the  woodwork  arranged  as 
shown"  by  Fig,  156  this  is  less  likely  to  occur 
The  overcloak  should  also  lay  on  the  top  of  the 


bottom  roll  at  least  3>n..  and  a  wate.  g  oove 
cut  in  as  shown  at  X,  for  reasons  s  ated  further 
back  No  matter  how  skilful  the  plumber  may 
be  he  cannot  make  sound  work  unless  the  wooa- 
work  is  properly  prepared.  For  that  reason  he 
Euld  always  be  consulted  by  the  carpenter 
before  the  woodwork  on  a  roof  is  constructea, 
so  that  the  details  may  be  properly  earned  out 
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and  the  various  weak  points  that  are  so  often 
discovered  guarded  against  instead  of  ihe 
vvorlcman  blundering  along  and  repeating  errors 
that  usually  are  more  the  result  of  thoughtless- 
ness than  want  of  skill  as  a  craftsman. 

On  large  lead  flats,  similar  in  construction  to 
Fig.  148  in  an  earlier  lecture,  the  centre  roll  is 
sometimes  made  larger  than  those  between  the 
bays.    Fig.  158  shows  a  section  across  one  that 
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is  often  found.  When  this  large  centre  roll  is 
fixed  the  end  of  the  bays  are  dressed  up  to  meet 
on  the  top,  and  then  a  capping  lead  fixed  and 
worked  down  at  the  sides  to  lay  on  the  bays  as 
shown  by  the  sketch  section.  When  the  flat  is 
laid  to  a  very  slight  fall  the  above  makes  a  very 
good  job,  but  where  a  good  pitch  is  given  to  the 
roof  the  lead  bays  will  often  crawl  down  and 
break  away  from  the  nailing  to  the  centre  roll, 
Where  roofs  are  constructed  so  as  to  have  a  steep 
pitch  it  is  much  better  not  to  have  a  centre  roll, 
but  to  let  the  lead  bays  lap  over  each  other  at  the 
ridge,  the  lappings  to  be  arranged  so  that 
alternate  bays  pnsS  over  each  side  of  the  crest 
of  the  roof  as  shown  by  Fig.  159.  A  great 
many  of  our  old  churches,  cathedrals,  and 
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other  buildings  have  the  lead  on  the  roofs  ar- 
ranged in  this  manner,  and  the  best  argument 
that  can  be  used  in  its  favour  is  the  length  of 
time  these  roofs  will  resist  atmospheric  influences. 
In  a  great  many  cases  the  lead  is  lapped  over 
the  ridge  about  i  ft.,  as  shown  at  A  and  B,  but 
in  some  instances  where  the  roofs  have  been 


flatter  than  shown  in  the  sketch  it  has  been 
thought  necessary  to  have  2  ft.  lappings.  At 
first  sight  this  may  apoear  to  be  a  waste  of 
lead,  but  it  must  not  be  forgotten  that  these 
lappings  have  to  be  arranged  to  resist  capillary 
attraction.  Where  the  roofs  are  very  large  so 
that  the  bays  have  to  be  covered  with  two, 
three,  or  more  pieces  oi  lead,  the  horizontal 
lappings  are  always  a  source  of  weakness  by 
reason  of  the  water,  during  a  rain-fall,  being 
drawn  between  the  lappings.  On  flat-pitched 
roofs  it  has  been  found  necessary  in  some 
instances  to  chase  the  undercloak  into  water- 
grooves  cut  in  the  wood-work,  and  as  shown  at 
C  Fig.  159. 

The  lower  bays  will  frequently  break  away 
from  the  nailing  at  the  top  edge  and  slide  down 
the  roof,  and  this  is  more  liable  to  occur  when 
the  pieces  of  lead  are  of  a  long  length  and 


fastened  with  iron  nails.  For  best  work  copper 
nails  are  found  to  be  better  than  iron,  especially 
in  cases  where  moisture  can  get  to  them  which 
sets  up  a  voltaic  action  between  the  iron  and 
lead,  and  results  In  the  heads  of  the  nails  rusting 
and  falling  off.  The  lengths  of  the  pieces  of 
lead  should  not  be  longer  than  stated  in  an 
earlier  lecture  for  reasons  there  given.  A 
further  advantage  is  gained  if  the  top  ends  of 
the  lower  bays  can  be  turned  through  the  board- 
ing and  nailed  on  the  other  side  as  shown  by 
sketch  section  Fig.  160.  In  some  instances 
this  is  difficult  to  do,  especially  in  roofs  that  are 
full  of  inside  timbering,  or  to  the  top  bays  that 
are  near  the  ridging  where  a  man  cannot  get 
inside  to  do  the  nailing.  But  in  these  cases  a 
piece  of  board  can  be  taken  out  and  the  nails 
diiven  in  on  the  edge  of  the  boarding  as  shown 
at  D,  when  the  piece  of  board  can  be  replaced 
before  the  next  piece  of  lead  is  put  in  its  posi- 
tion. Sometimes  "  soldered  dots "  have  been 
made  to  prevent  the  lead  sliding  down  a  roof, 
but  I  think  soldering  of  any  kind  on  a  roof 
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always  looks  patchy  and  suggestive  of  repairs. 
In  addition  to  this  soldered  dots  never  last  for 
any  great  length  of  time  and  the  lead  invariably 
breaks  away  from  them.  Perhaps  you  are  think- 
ing "all  the  better"  as  it  will  make  a  job  for 
the  plumber.  But  I  do  not  take  this  view.  The 
better  we  do  our  work,  and  the  longer  it  lasts, 
the  more  likely  it  will  be  that  architects  will 
specify  lead  in  preference  to  other  and  cheaper 
materials  which  do  not  last  so  long  as  lead  when 
it  is  properly  laid  and  fixed. 

In  some  cases  secret  tacks  have  been 
"sweated,"  or  "burnt,"  on  the  under  sides  of 
lead  bays,  and  these  tacks  then  turned  through 
a  saw  cut  in  the  boarding  and  nailed  on  the 
underside  as  shown  at  E,  Fig.  i6o.  Sheet-cop- 
per has  sometimes  been  used  for  these  tacks, 
but  lead  is  better,  as  it  expands  in  an  almost 
equal  degree  with  the  lead  bay,  whereas  copper 
does  not  do  so.  These  secret  tacks  should  be 
let  into  the  woodwork  as  shown  in  the  figure  to 
avoid  an  unsightly  looking  bump  showing 
through  the  lead  bay. 

In  the  foregoing  remarks  we  have  assumed 
that  the  edges  of  the  lead  bays  were  worked 
over  or  round  wooden  cores  commonly  called 
"  rolls  "  These  rolls  are  of  a  modern  introduc- 
tion, and  only  seen  on  what  may  be  called,  com- 
paratively speaking,  modern  buildings.  Most  of 
the  older  class  of  buildings  have  the  lead  joined 
at  the  edges  by  what  is  called  seam  or 
"hollow  rolls,"  and,  so  far  as  I  have  been  able 
to  form  an  opinion,  this  way  of  fixing  the  lead 
to  the  roof  has  great  advantages  over  the  newer 
way  The  lead  is  not  so  rigidly  fixed,  and  thus 
can  expand  or  contract  with  freedom,  which  is 
one  of  the  most  important  items  to  be  considered. 
The  rolls,  being  hollow,  resist  capillary  attrac- 
tion, and  although  by  frequent  walking  upon 
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FIG. 161  . 

them,  they  may  in  some  cases  lose  their  ongmal 
smar  appearance  and  become  fl'-^tK^.^^d  ^"^^'^^ 
figured,  they  will  still  retain  heir  power  of 
preventing  water  passing  through  them 

"Seam  roll"  work  is  not  more  difficult  o  do 
than  the  ordinary  wood  roll  work,  and  with  a 
little  practice  any  ordinary  plumber  can  do  it 
First  of  all  we  will  refer  to  Fig.  i6i     A  repre 
sents  the  undercloak  turned  up  about  3i  °' 


4  in.  as  shown.    B  is  a  tack,  sometimes  made  of 
thin  sheet  copper,  because  the  thickness  of  lead 
would  show  through  the  overcloak  when  the  roll 
was  turned,  about  6  in.  longby  2  in.  or  3  in.  wide,  let 
into  and  screwed  to  the  wooden  platform  on 
which  the  lead  is  to  be  laid.    Sometimes  this 
tack  is  fixed  the  other  way  about,  but  as  shown, 
is  the  correct  way,  as  otherwise,  when  the  roll  is 
turned  it  would  show  in  the  angle  C.    The  tack 
should  not  be  turned  quite   close  on  the  top 
edcre  of  the  undercloak,  but  a  small  space  should 
be  left  as  shown  in  the  sketch.     The  overc  oak 
D  should  be  turned  up  about  6  in.  and  folded 
over  the  undercloak  as  shown.    The  best  way 
for  doing  this  is  to  turn  up  the  lead  to  the  height 
mentioned,  lay  the  bay  in  its  position  and  then 
place  a  straight  piece  of  deal   quartering  or 
plank  by  the  side  of  the  stand-up  part,  as  shown 
by  dotted  lines,  and  then  dress  the  top  edge  of 
the  lead  down  onto  it.    The  piece  of  timber 
then  to  be  placed  on  the  other  side  of  the  stand- 
up  lead  and  the  overcloak  edge  then  dressed 
down  over  the  undercloak,  pains  being  taken  to 
keep  the  folded  edge  in  a  perfectly  straight  line. 
A  hollow  space  should  be  left  as  shown  at  K 
If  this  space  is  not  left,  but  the  overcloak  turned 
ticrhtly  over  the  undercloak,  when  the  ro  1  is 
turned  down  the  lead  at  F,  Fig.  162;  will  be 
pulled  up  as  shown  by  the  double  dotted  lines. 
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On  again  setting  in  this  angle  ihe  lead  will  be 
reduced  in  substance  and  sometimes  broken. 
It  is  a  good  plan  to  have  a  piece  of  deal  quarter- 
ing, of  the  necessary  thickness,  with  one  rounded 
corner,  and  place  it  by  the  side  of  the  stand-up 
lead  which  is  then  to  be  partly  folded,  or  dressed 
on  to  the  quartering,  the  piece  of  timber  can  then 
be  removed  and  the  roll  lolded  round  as  shown 
by  Section  Fig.  162.    When  turning  the  lead 
roll  the  dresser  should  not  be  used  more  than 
can  be  avoided.    Instead  of  the  dresser  a  piece 
of  deal  quartering  about  the  same  length  as  the 
roll,  if  a  short  one,  can  be  used  and  the  ro  1 
driven  round  either  by  the  plumber  and  his 
male  at  each  end  of  the  quartering,  which  is  to 
be  held  parallel  with  the  roll,  alternately  hitting 
their  ends  against  it,  or  by  driving  the  piece  of 
wood  with  a  large  mallet. 

In  very  old  examples  of  seam  roll  work  the 
ends  of  the  rolls  are  worked  over  the  ridge  in 
the  usual  way  as  when  wood  rolls  are  used.  In 
other  cases  where  the  lead  bays  abut  against  a 
wall  at  the  top  end,  the  rolls  are  turned  up  as 
shown  at  G,  Fig.  163,  and  the  bottom  ends 
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turned  down  as  shown  at  H.  In  some  Scotch 
towns  at  the  present  time  the  plumbers  work 
the  roll  ends  in  this  way.  In  other  cases  where 
the  roofs  have  a  fairly  good  fall  the  roll  ends 
and  bays  are  not  turned  up  against  the  wall  but 


finished  close  up  to  it  and  a  lead  apron  is  then 
fixed  as  shown  by  dotted  lines  at  I,  the  lead  lay- 
ing on  the  sloping  part  from  9  in.  to  i  ft.  6in, 
and  is  worked  over  the  rolls  over  which  it  laps 
the  same  distance  as  on  the  flat  part  of  the  bay. 
On  the  roofs  of  some  of  the  City  ot  London 
Churches  the  lead  is  laid  in  this  manner.  In 
seam  roll  work  of  more  recent  date  the  roll  ends 
have  been  finished  in  a  much  neater  and  smartei 
way.  Fig.  164,  shows  a  fragment  of  a  roof, 
showing  the  bottom  roll  end  finished  quite  flat 


FIG  164. 

and  presenting  the  same  appearance  as  when  a 
wooden  roll  is  used  as  a  core.  This  can  be  done 
quite  easily,  but  the  plumber  has  to  take  more 
time  over  it  and  be  careful  not  to  make  any 


bruises  which  he  cannot  afterwards  get  out 
again.  The  undercloak  should  be  partly  made 
its  proper  shape  before  lurning  the  overcloak 
and  a  piece  of  lead  left  on  as  shown  by  dotted 
lines  at  L,  Fig.  165.    The  overcloak  should  be 


FIG. 165 

worked  out  sideways  as  explained  by  Fig.  153, 
in  the  last  lecture.  The  head,  or  top  end  of  the 
roll  should  also  be  partly  worked  before  laying 
the  bay.  A  corner  should  be  bossed  up  in  the 
undercloak  in  the  same  manner  as  for  wood  rolls 
and  then  apiece  cut  out  of  the  stand-up  part  to 
allow  it  turn  easily  without  buckling.  The  part 
of  the  welt  on  the  overcloak  which  is  folded  to 
clip  the  under  lead  should  be  cut  off"  even  with 
the  wall,  and  the  corner  of  the  lead  which  stands 
up  against  the  wall  should  be  folded  as  shown  at 
K,  Fig.  164.  This  corner  should  then  be  worked 
in  the  direction  shown  by  the  arrow  and  the 
lead  stretched  slowly  and  by  degrees  during  the 
tinie  the  straight  part  of  the  roll  is  being  turned. 
It  is  difficult  to  explain  in  writing  the  whole  of 
the  proceedings  to  be  taken  when  working  the 
ends  of  seam  rolls,  but  perhaps,  the  reader  who 
has  had  no  experience  in  this  branch  of  plumb- 
ing may  be  able  to  gleam  some  little  information 
from  what  has  here  been  written  on  the  subject. 

When  working  cross  rolls,  or  intersections, 
more  difficulties  present  themselves,  but  the 
student  plumber  would  learn  more  in  one  hour's 
practice  than  in  reading  several  pagesof  descrip- 
tion of  the  process.. 

On  Flat  Welts. 

When  covering  the  perfectly  upright  parts  of 
roofs  with  lead,  some  little  difificulties  present 
themselves,  and  water  will  often  find  its  way  be- 
tween the  upright  lead-joinings.  For  this  class 
of  work  wooden  rolls  are  only  of  partial  utility. 
When  the  rolls  are  laid  on  a  horizontal  or 
sloping  surface,  whatever  rain  falls  upon  them 
runs  off  again  onto  the  parts  that  are  at  a 
lower  level,  but  when  these  same  rolls  are 
placed  upright  whatever  rain  falls  upon  them 
will  run  downwards,  and  a  portion  be  drawn  be- 
tween the  lead  lappings,  partly  by  capillary 
attraction  and  partly  by  gravitation.  In  these 
cases  it  is  always  advisable  to  have  seam  rolls 
or  substitute  for  them — what  is  commonly  called 
double  welts.  These  welts  are  similar  to  seam 
rolls  to  a  certain  extent,  but  instead  of  being 
hollow  they  are  dressed  down  quite  flat.  They 
are  also  much  smaller  and  take  a  less  quantity  of 
lead.    Fig.  166,  is  a  section  of  a  double  welt 
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after  it  is  folded.    The  Figure  is  drawn  full  sue 
so  that  it  is  notnecessary  to  give  any  dimensions^ 
For  these  welts  the  lead  is  turned  up  and  the 
tack  fixed  in  a  similar  manner  as  for  a  seam 


FIG. 166 

roll,  as  shown  by  Fig.  i6i,  excepting  that  the 
lead  is  not  turned  up  so  high.    The  tacks  are 
sometimes  fixed  i  ft.  to  2  ft.  apart,  but  in  some 
cases  a  strip  ot  lead  has  been  nailed  on  and 
turned  with  the  welt  its  whole  length     By  this 
means  the  lead  is  more  firmly  fixed,  the  welt 
looks  bolder  and  there  are   "\ ^^^^  ^'^^f^  °^ 
bumps  in  the  welt,  which  occur  when  the  tacks 
are  put  on  at  intervals.    Fig.  167  represems 
a  section  of  a  triple  welt.    In  this  case  an  extra 
fold  is  given  to  the  edges  of  the  lead  where  they 
are  turned  to  form  the  welt.   This  is  not  much 
practised.    For  work  on  horizontal  or  nearly 
flat  roofs,  welts  are  not  so  good  as  wood  or 
hollow  rolls.    It  is  not  at  all  unusual  for  roots 
to  sink  a  little  in  places,  and  a  settlement  of  ^  m 
would  in  some  instances  retain  a  pool  of  ^at^r 
to  that  depth.    If  this  pool  was  near  a  flat  welt 
water  could  pass  through  the  iolds  and  so  get 
beneath  the  lead  and  rot  the  woodworlc  VVhere 
welts  are  used  on  flat  roofs  and  the  ends  of  the 
bays  have  to  stand  against  an  upright  wall  the 
ends  of  the  welts  should  be  prepared  before  fix- 
ing hem.    This  is  a  simple  matter,  the  edges  to 
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form  the  welt  could  be  folded  separately  and  a 
packing  of  thick  lead  placed  inside,  after  which 
The  ends  of  the  bays  could  be  pul  ed  up,  the 
nieces  of  packing  lead  removed;  and  on  p  ac.ng 
Z  hlys  in  their  position  the  undercloak  and 
overcloak  edges  could  then  be  slid  sideways  and 
soTock  into"each  other,  when  they  could  be 
HrP<i=ipd  so  as  to  tightly  clasp  together. 

a  good  plan,  as  should  the  nails  get  loose,  or  the 


holes  in  the  lead  become  larger  by  the  move- 
ment of  the  lead,  wet  could  be  drawn  in,  when 
the  evil  would  be  aggravated  by  the  woodwork 
beneath  becoming  rotten. 

Single  welts  are  generally  used  to  cover  the 
nail-h?ads  when  a  piece  of  lead  has  to  be  nailed 
to  apiece  of  woodwork,  such  as  a  post,  which 
stands  above  a  roof,  or  in  some  cases  to  wooden 
shafts,  the  sides  of  sky-lights  and  sin.ilar 
positions.     There  use  is  to  keep  the  nails  from 
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comincT  out,  which  they  almost  invariably  do  by 
Searing  motion  which  takes  p  ace  betw^n 
the  lead  and  whatever  it  is  nailed  to.  t  ig.  100, 
is  a  section  of  a  single  welt. 

Before  commencing  to  cut  out  the  ^f^J^\.^ 
flat  roof  the  plumber  should  always  set  out  his 
work  on  the  foof  itself.  .  By  first  seUing  otit  the 
snaces  and  thus  showing  where  the  rolls  will 
Sme  he  can  often  economise  his  material  and 
avoid  cuttino-  it  to  waste.    It  is  usual  to  cut  out 
rieadlor  bays  to  a  width  of  3  ft  6  in.,  which 
is  half  the  width  of  ordinary  lead  in  sheets 
Although  some  makers  have  mrHs  f-  -1>-| 
sheets  9  ft-  wide.     For  ^ood  ro  Is  of  the  size 
shown  by  Fig.  152  B,  m  an  f' 
is  reauired  to  he  turned  up  to  form  the  under 
cloak"  6i  in.  for  the  "overcloak,"  including  an 
aCv'ance  for  li  in.  to  lay  on  the       by  the  side 
of  the  rolls  with  an  extra  „  DeSi 

The     in.  added  to  6i  in.  makes        ,  Ij^X  \ 
Siis  l?om  3  ft.  6  in.,  the  width  of  the  half-shee^ 
«f  Iparl  a  remainder  is  left  of  2ft.  Sim.,  ana 
tii  TsVeS  distance  that  rolls  are  placed 
apart  on  a  lead  flat.    Assummg  Fig.    69  to 
reoresent  a  plan  of  a  roof,  which  is  22  it.  3  n- 
^«o^^  the  above  width  would  work  in  exactly, 
S'there  ^oSw  be  no  waste  when  cutting  out 
?h"e  lead  The  last  bay  marked  A,  would  require 
to  be  about  2^  in.  wider  than  the  others,  as  it 
wouM  have  io  stand  up  against  the  wall  6  in 
this  being    the  height   usually  specified  by 
tchSs    When  this  last  bay  is  ciit  out  he 
sieet  would  not  be  equally  divided,  but  the 
narrower  piece  would  work  in  f- "^'-g^J-y^^"^ 
perhaps  for  the  gutter  and  cesspoo     S"ppos  ng 
ihc  flit  to  be  17  f'-  wide,  and  deduct  f'o^  ^^at 
Ln,.ih  I  ft   which  is  the  usual  width  for  gutters, 
we"tv;  .6     left.    Now  lead  should  never  b 
laid  in  larger  lengths  than  7  ft- 8  ft.,  so  ine 
Kth  of  ^he  bay'should  be  eqtial  y  d.v  ded 
thus  making  two  portions  each  «     1""B;  J'J^^j 
divided  in  the  direction  of  the  wate.  curren 
over  them  are  joined  by  means  of   rolls,  but 
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bays  divided  across  the  current  have  to  be 
joined  by  means  of  drips.  In  an  earlier 
lecture  it  was  advised  that  these  drips 
(see  Figs.  156  and  157)  should  not  be  less  than 
3  in.  deep.  So  for  setting  out  the  length  of  the 
bays  A,  B,  C,  D,  we  add  to  the  above  8  ft.,  4  in. 
for  dressing  down  into  the  gutter,  and  4  in.  for 
turning  up  at  the  drip.  This  4  in.  includes  for 
I  in.  to  dress  into  the  rebate  above  the  drip  as 
shown  at  Z,  Fig.  157.  The  total  length  of  the 
lead  for  these  bays  will  thus  be  8  ft.  8  in.  For 
the  bays  E,  F,  G,  H,  the  lead  should  be  in. 
longer,  as  the  top  ends  have  to  stand  up  6  in. 
against  the  wall.  An  extra  i  in.  is  useful  at  the 
drip  for  working,  and  also  for  trimming  the 


away.  It  has  already  been  stated  that  solder- 
ing on  a  leaded  roof  looks  patchy,  in  addition, 
when  large  pieces  of  lead  are  soldered  together^ 
they  generally  break  or  crack  near  the  soldered 
parts.  To  avoid  soldering,  and  also  to  make 
a  much  better  job,  it  is  best  to  construct  drips 
in  a  line  with  the  ends  of  the  skylight,  and 
arrange  the  wood  platform,  so  that  the  water 
will  flow  away  in  the  direction  shown  by  the 
arrows.  O  is  a  trap-door  for  access  to  the 
roof.  The  raised  curb  round  the  opening 
should  stand  at  least  6  in,  high,  and  the  trap- 
door should  be  covered  with  light  lead  not 
exceeding  5  lb.  per  superficial  foot,  or  a  further 
improvement  would  be  to  cover  the  door  with 

a 
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edge  to  a  straight  line  when  finished.  The  plan 
1"  ig.  169  IS  drawn  to  scale,  and  on  measuring 
the  bays  I,  J  K,  L,  they  will  be  found  to  be 
4 It.  long.  This  length  added  to  4  in.  for  the 
dnp  mto  the  gutter,  and  6  in.  to  stand  up 
agamst  the  skylight  makes  a  total  of  4  ft.  lo  in 
for  the  length  of  these  bays.  The  widths  wili 
be  the  same  as  the  others  that  have 
been  described.  The  bays  M,  N,  are  generally 
arranged  so  as  to  fall  towards  the  skylight 
the  roll  ends  cut  about  8  in.  or  9  in.  short  at^the 
lowest  ends,  and  soldered  seams  wiped  from 
the  roll  ends  to  and  up  the  stand  up  part 
against  the  skylight,  to  allow  water  to  pass 
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sheet  copper  on  account  of  its  lightness,  it  being 
so  difficult  to  open  these  trap-doors  from  the 
inside  when  they  are  covered  with  heavy  lead. 
The  trap  should  be  bolted  on  the  inside,  to  pre- 
vent midnight  prowlers  getting  into  the  house, 
and  also  to  prevent  a  high  wind  blowing  the 
door  away.  Fig.  170  is  a  section,  drawn  to  a 
larger  scale,  of  the  trap-door.  The  lead  that 
stands  up  against  the  wood  curb  should  not  be 
nailed  to  it,  which  would  fix  the  lead  too 
rigidly,  but  a  flashing  should  be  fixed  and 
nailed  on  the  top  edge  as  shown.  The  wood 
cover  should  be  made  to  hang  down  all  round 
the  curb  at  least  li  in.,  and  the  lead  should  be 
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dressed  down,  turned  inside,  and  nailed  as  shown 
m  tlie  section.  Copper  naiU  are  best  for  this 
purpose,  and  they  should  not  be  too  large,  or 
fhey  wi  l  split  the  wood,  and  .f  too  long  will 
pass  through  the  outside  lead.  All  trap-doors 
should  fit  moderately  tight  to  prevent  snow  or 
dust  drifting  through  them.  ' 

The  skyli<'ht  shown  on  the  plan  next  claims 
our  attention.  The  lead  should  stand  up 
against  the  curb,  as  explained  for  the  trap-door, 


FIG  S70. 


but  the  cover  flashing  requires  a  dififerent 
arrangement.  Most  of  you  have,  no  doubt, 
noticed  that  when  the  air  inside  a  house  is 
warmer  than  that  outside  that  a  kind  of  dew 
gathers  on  the  inside  of  the  glass.  This  dew 
is  suspended  moisture  in  the  air  condensed  by 
comincr  in  contact  with  a  cold  surface.  This 
condensed  moisture  will  increase  to  such  an 
extent  that  it  will  stream  down  in  such  quantities 
as  to  form  small  pools  on  the  floor  beneath,  or 


run  down  the  inside  linings  of  the  skylight,  and 
leave  dirty-looking  streaks.  The  curb  flashings 
of  skylights  should  be  so  arranged  as  to  catch 
this  condensed  water,  and  convey  it  outside  onto 
the  roof. 

Fig.  171  is  a  fragmentary  section,  which 
shows  how  this   should    be  done.     If  the 


wood  curb  is  narrow,  the  lead  flashing  is  carried 
beyond  it  and  a  wooden   moulding  fixed  to 
support  and  hide  it  from  view,  the  edge  of  the 
lead  being  turned  up  as  shown  m  the  sketch,  f 
the  curb  is  a  broad  one  the  lead  is  generally 
turned  up  even  with  the  inside    face  of  the 
skylight  linings,  in  which  case  the  wood  mould- 
ing is  not  always  fixed.  .      .        .  „ 
Fig  172  is  a  small  perspective  view,  showing 
a  small  water  groove  cut  into  the  curb  and  the 
lead  chased  into  the  groove  for  the  water  caught 
by  the  turned  up  lead  to  run  outwards.  The 
dotted  lines  Fig.  171  represents  the  botjom  of 
the  water  groove.    In  some  cases  the  skylight 
is  blocked  up  about  i  in.  for  the  water  to  run 
outwards,  but  this  is  not  a  good  plan,  as  a  space 
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is  left  for  snow,  soot,  or  dust  to  be  driven 
through  by  wind.  For  this  reason  the  groove 
shown  in  the  sketch  should  not  be  too  large- 
it  in.  wide  by  fin.  deep  is  quite  sufficient.  In 
some  cases  a  piece  of  iin.  lead-pipe  has  been 
fixed,  as  shown  at  P,  Fig.  172,  the  ends  of  the 
pipe  being  soldered  to  the  condensation  gutter 
inside,  and  to  the  turned  up  part  of  the  lead  flat 
on  the  outside.  When  the  curb  of  a  large  sky- 
light has  to  be  covered  with  a  flashing,  and  the 
lead  has  to  be  put  on  in  several  pieces,  the 
undercloaks  of  the  laps  should  be  let  into  the 
woodwork,  and  water  grooves  cut  to  stop 
capillarity,  as  explained  in  previous  lectures. 

We  will  now  refer  to  the  hips  and  ridging  of 
the  skylight  which  cannot  very  well  be  fixed 
in  the  same  manner  as  described  when  speak- 
ing of  those  on  house  roofs.  There  are  various 
mithods  of  fixing  the  hip  lead,  but  the  neatest 
looking  is  shown  by  sketch,  Fig.  I73-  1" 
this  case  the  lead  is  turned  up  in  the  usual 
way  and,  at  distances  of  about  2  ft.,  secret 
tacks  about  2  in.  wide  are  sweated  or  burned 
on  the  under  side.  The  rolls  are  rebated, 
where  the  tacks  will  come,  to  the  same  depth 
as  the  thickness  of  the  lead  tacks.  The  lead 
is  then  placed  in  its  position  on  the  roll,  the 
tacks  folded  round  and  nailed  to  the  roll,  thus 
forming  a  fixing  as  shown  in  the  figure,  after 
which  the  sides  of  the  lead  covering  are  pressed 
down  and  caused  to  clip  tight  round  the  roll, 
the  angles  are  then  set  in  and  the  roll-end 
worked  down  in  the  usual  way.  The  edges  are 
then  trimmed  straight  and  so  as  to  lap  over 
the  puttying  round  the  edge  of  the  glass  I  he 
wings  or  sides  of  the  hips  are  then  pulled  up 
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sufificient  for  the  glazier  to  fix  and  joint  up  the 
edges  of  the  glass,  after  which  the  plumber 
will  dress  down  the  lead  and  turn  the  loose  end 
of  the  tack,  which  should  be  left  long  enough 
for  the  purpose,  as  shown  at  R.  It  is  not 
necessary  to  fix  Ihe  ridge  lead  in  the  same 
manner  as  described  for  the  hips  as  it  is  fixed 
on  a  horizontal  instead  of  an  inclined  line  and 
consequently  will  not  be  so  liable  to  slip  down. 

Now  we  have  this  problem  before  us  it  may 
be  interesting  to  turn  away  from  constructive 
roof  work  for  a  short  time  and  dwell  upon  its 


FIG  173 


mensuration.  Nearly  the  whole  of  the  details 
have  been  given  in  this  and  previous  lectures 
and  it  is  only  necessary  to  have  the  following 
information  for  the  whole  of  the  quantities  to  be 
taken  out  so  that  the  exact  amount  of  lead 
that  will  be  required  to  cover  the  roof,  shown 
by  Fig.  169  can  be  calculated.  As  the  plan  is 
drawn  to  scale,  the  superficial  area  can  be 
measured.  The  rolls  are  as  shown  by  Fig. 
152  B.  The  socket-pipe  is  4  in.  in  diameter, 
out  of  7  lb.  lead,  has  two  bends  and  passes 
through  9  in.  wall  into  a  rain-water  head.  The 
cesspool  is  I  ft.  5  in.  deep,  measured  from  the 
edge  of  the  flat,  and  has  four  soldered  angles. 
The  gutter  has  two  drips  3  in.  deep,  and  the 
side  next  to  the  wall  stands  the  same  height 
as  the  side  next  to  the  flat  at  its  deepest  end 
but  3  in.  above  the  flat  at  its  highest  or 
shallowest  end.  The  drips  on  the  flat  are 
3  in.  deep,  and  the  lead  stands  up  all  round 
next  to  the  walls,  skylight,  and  trap-door  to  a 
height  of  6  in.  The  flat,  gutter  and  cesspool 
are  covered  with  71b.  lead.  Cover  flashings 
out  of  5  lb.  lead,  and  averaging  6  in.  wide,  are 
fixed  in  7  ft.  lengths  all  round  the  flat,  sky- 
light and  trap-door,  and  this  door  is  covered 
with  sib.  lead.  The  hips  and  ridge  of  sky- 
light are  covered  with  61b.  lead,  and  the 
wings  are  5  in.  wide  when  trimmed  off.  The 
ridge  of  the  skylight  is  4  ft.  above  the  curb 
line. 

The  flat  and  gutter  has  a  fall  of  i  in.  in  10  ft., 
and  all  wall-flashings  are  fixed  with  lead  wedges, 
weighing  about  eight  to  the  pound,  at  distances 
of  I  ft.  apart.  The  dotted  lines  at  S,  S,  Fig. 
169,  show  feather-edged  pieces  of  board  nailed 
on  under  the  lead  so  as  to  tilt  it  and  prevent  a 


little  pool  of  water  laying  near  the  curbing  of 
the  trap-door  in  the  angles  formed  by  the  roll. 

To  proceed  with  our  mensuration.  There 
are  several  ways  for  measuring  the  amount  of 
lead  necessary  for  the  roof,  but  the  least  con- 
fusing method  to  pursue  will  be  to  measure  it  in 
sections.  Most  Quantity  surveyors  will  begin 
taking  their  measurements  at  the  top  of  a  build- 
ing and  work  downwards,  so  we  will  begin  at 
the  highest  point,  namely,  the  skylight.  The 
piece  of  lead  for  the  ridging  will  be  6  ft.  long  by 
I  ft.  3  in. wide.  The  four  hips  will  measure,  inclu- 
sive of  4  in.  for  working  down  over  the  roll  end, 
6  ft.  10  in.  by  i  ft.  3  in.  The  ten  tacks  are  each 
I  ft.  5  in.  by  2  in.  The  curb  of  the  skylight 
measures  a  net  length  of  36  ft.  6  in.,  and  to  this 
length  add  six  4  in.  laps  or  passings,  makes  a 
total  length  of  38  ft.  6  in.  by  6  in.  wide.  We 
will  now  deal  with  the  four  bays  marked  M,  N. 
To  the  net  length,  which  measures  11  ft.  4  in., 
add  4i  in.  at  each  end  to  turn  down  the  drips, 
and  for  the  roll  across  the  centre,  which  is  9^^  in., 
from  which  it  is  usual  to  deduct  i  in.  (this 
being  equal  to  the  portion  of  the  flat  on  which 
the  roll  is  fixed)  we  get  a  total  length  of 
12  ft.  9i  in.  For  the  width  we  measure  from  the 
skylight  to  the  wall  and  find  it  to  be  5  ft.  To 
this  add  8i  in.  for  the  roll,  and  6  in.  on  each 
side  to  turn  up  against  the  wall  and  skylight 
curb  respectively,  and  we  get  a  total  width  of 
6  ft.  8i  in. 

We  will  now  deal  with  the  bays  marked 
E,  F,  A,  B,  the  net  length  of  which  is  16  ft.  To 
the  above  dimension  add  6  in.  for  standing  up 
against  the  wall,  9  in.  for  the  centre  drip,  and 

4  in  to  turn  down  into  the  gutter,  and  we  get  a 
total  length  of  17  ft.  7  in.  For  the  width  we 
measure  from  skylight  to  wall  and  find  it  to  be 

5  ft.  6  in.,  which  added  to  the  roll,  the  stand-up 
against  wall,  and  curb  of  skylight  makes  a  total 
of  7  ft.  2iin.  For  the  bays  marked  G,  H,  C,  D, 
it  is  usual  to  take  the  quantity  found  as  neces- 
sary for  the  previous  four  bays,  and  then  make 
deductions  of  twice  5  ft.  by  2,^  in.  for  the  drips 
at  the  ends  of  the  bays  and  4  ft.  by  2i  in.  for  the 
roll  between  bays  L  and  C.  We  will  now  deal 
with  the  trap-door,  and  first  of  all  deduct  the 
space  it  stands  upon.  On  measuring  the  top  we 
find  it  to  be  2  ft.  9  in.,  but  from  our  practical 
knowledge  we  know  that  it  sails,  or  projects, 
beyond  the  curb  at  least  i^in.  all  round  (this 
will  be  noticed  by  referring  to  Fig.  170,  which 
is  not  drawn  to  the  same  scale  as  Fig.  169),  so 
that  the  size  is  really  2  ft.  6  in.  by  2  ft.  6  in.,  but 
we  must  also  deduct  the  amount  t.iken  up  by 
the  roll  and  drip,  which  makes  a  superficial  area 
equal  to  3  ft.  3  in.  by  3  ft.  2^  in.  If  this  area  is 
deducted  we  must  then  add  the  amount  of  lead 
which  stands  up  against  the  curb  on  the  four 
sides  of  the  trap-door.  We  already  know  the 
net  length  of  one  side  is  2  ft.  6  in.,  but  we  get  a 
lap  or  passing  on  each  side  equal  to  the  lead 
required  for  the  roll  or  drip  or  a  total  of 
12  ft.  II  in.  by  6  in.  wide  to  go  all  round  the 
curb. 


76 


LECTURES  TO  PLUMBERS. 


In  practice  the  curb  flashing  to  the  trap-door 
would  be  put  on  in  two  pieces,  so  that  we  should 
get  two  laps  of  4  in.  each,  which,  added  to  the 
net  length,  or  girt  of  the  curb,  would  give  a 
total  of  10  ft.  8  in.  by  6  in.  wide.  To  cover  the 
door  the  piece  of  lead  would  have  to  be  2  ft.  9  in. 
added  to  twice  5  in.  for  the  edges  (as  shown  by 
Fig.  170),  or  a  total  of  3  ft.  7  i"-  by  3  ft.  7 
The  bays  I,  J,  K,  L,  will  measure  14  ft  7  m.  by 
4  ft.  10  in.  ,  , 

We  will  now  pass  to  the  gutter  and  cesspool, 
the  net  length  of  which  is  22  ft.  3  in.  Add  to 
this  dimension  for  three  drips,  taking  an 
average  of  8  in.  each,  9  in.  to  turn  up  at  the 
highest  end  and  i  ft.  5  in.  at  the  lowest,  we  get 
a  length  of  26  ft.  5  in.  For  the  width  we  take  a 
medium  or  average  as  follows  :  The  drip  at  the 
highest  end  is  3  in.,  two  other  drips  across  the 
gutter  are  also  3  in.  each,  and  by  referring  to 
details  given  further  back  the  fall  was  described 
as  being  2  in. 

So  now  we  have — 
I  in.  to  lay  on  the  flat 
3  in.  drip  next  the  flat 
I  ft.  oin.  width  of  gutter 

9  in.  turn  up  against  the  wall 


2  ft  I  in.  the  total  width  of  the  lead  at  highest 
end  of  gutter. 

Then  we  have — 

I  in.  to  lay  on  the  flat 
1 1  in.  drip  next  the  flat. 
I  ft.  o  in.  width  of  gutter 
I  ft.   5  in.  turn  up  against  the  wall 


3  ft  S  in.  the  total  width  of  the  lead  at  lowest 
end  of  gutter. 

If  we  add  the  two  totals  together,  and  divide 
them  by  two,  we  get  a  mean  width  of  2  ft.  9  in. 
for  the  gutter. 

In  the  above  dimensions  we  have  taken  the 
cesspool  with  the  gutter,  this  being  the  usual 
practice,  but  as  the  cesspool  is  6  in.  deeper  than 
the  gutter  we  now  want  the  inside  girt  of  the 
cesspool,  which  will  be  found  to  be  4  ft.  by  6  in. 
the  depth,  assuming  the  cesspool  to  be  i  ft. 

long.  „   ,  .  , 

We  now  come  to  the  cover  flashings,  and 
measure  all  round  the  walls  for  the  net  length, 
which  will  be  found  to  be  78  ft-  6  in.  To  this 
length  add  for  4  in.  passings  7  ft-  apart  and  an 
extra  one  at  each  drip.  This  makes  a  total  of 
20  in  number,  or  a  length  of  6  ft.  8  in.,  which 
added  to  the  net  length  makes  a  dimension 
85  ft.  2  in.  by  6  in.  For  the  lead  wedges  we 
take  the  number  of  feet  in  the  net  girt  of  the 
flat,  which  is  equal  to  79  wedges  in  all.  It  is 
usual  to  put  tacks  on  all  cover  flashings  to 
prevent  them  being  blown  up  by  the  wind. 
These  tacks  are  generally  put  on  at  all  laps, 
and  also  an  extra  one  in  the  centre  of  each 
7  ft.  length  of  flashing,  the  tacks  being  of  lead 
I  lb.  per  foot  super  heavier  than  the  flashings, 
and  cut  out  5  in.  by  3  in.   The  number  of  tacks 


can  be  found  by  adding  the  gross  lengths  of  the 
flashing  round  walls,  skylight,  and  trap-door 
together,  dividing  the  length  by  seven  and 
multiplying  by  two  we  thus  get  a  total  of  39 
tacks. 

Wherever  copper-nails  are  used,  an  extra  on 
iron  clout  nails  is  charged,  and  where  driven  in 
close  together  the  nails  are  measured   as  so 
many  feet  run  of  close  copper  nailing  ;  or  if 
placed  wider  apart  they  are  measured  as  being 
so  many  feet  run  of  open  copper  nailing,  i  in., 
2  in.  or  3  in.  apart.      In   our  problem  open 
copper  nailing  would  be  done  to  the  skylight, 
trap-door  curbs,  also  to  the  trap-door  edging, 
and  would  be  taken  as  open  copper  nailing  3  in. 
apart.    By  measurement  we  find  that  there  is 
27  ft.  to    the  skylight  and  20  ft.  to  the  trap- 
door.   We  now  return  to  the  cesspool,  and  if 
the  angles  are  soldered  we  proceed  to  measure 
their  length  as  follows  :  The  cesspool  being  6  in. 
deep  the  angles  next  to  the  gutter  drip  will  each 
measure  7  in.  inclusive  of  i  in.  to  lay  on  the 
sole  of  the  gutter.    The  angle  next  the  flat 
will  measure  i  ft.  6  in.  inclusive  of  i  in.  to  turn 
on  the  edge  of  the  flat  and  the  angle  next  the 
walls  will  measure   i  ft.  1 1  in.   deep.  These 
dimensions  added  together   give    a  total  of 
4  ft.  7  in.  soldered  angles,  the  usual  allowance 
for  solder  being  i  lb.  per  foot  run.    The  socket- 
pipe  will  be  found  by  setting  it  out,  and  then 
measuring  it,  to  be  2  ft.  long.    Add  extra  for 
labour  to  two  4  in.  bends  and  a  4  in.  soldered 
joint  to  the  bottom  of  the  cesspool. 

Below  is  the  form  in  which  the  lead  would  be 
booked  by  a  surveyor.  The  first  column  is  the 
number  of  any  pieces  of  lead  or  repetition  of 
any  single  piece  or  article.  The  second  column 
is  for  the  sizes  or  dimensions,  and  the  third 
column  for  the  squared  up  dimensions. 

Mi/led  I^ad  on  Flat,  Skylight, 


No.  of 
Pieces. 


10 

4 
2 


Size. 


Ft.  in. 
6  O 

I  3 


Squared-up. 


6  10 

I  3 

I  5 
2 


38  6 
6 

12  10 
6  9 


Ft.  in. 

7  6 
34  2 


19 

86 


61b.  lead  ridging 
Add  hips 


Add  tacks 

Extra  to  labour 
to  roll  ends 

Extra  labour  to 
intersections  of 
hips  &  ridges 


51b.  curb  flashing 
7  lb.  lead  on  flat 


LEAD  WORK  ON   ROOFS   OF  BUILDINGS. 

Milled  Lead  on  Flat,  &^c. — Coniintied. 
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Size. 


Ft.  in. 

17  7 

7  3 


4  o 
3 

3  3 
3  2 


12 

II 

6 

10 

8 

6 

3 

7 

3 

7 

26 

5 

2 

9 

4 

0 

6 

85  2 

6 


S 
3 

27  o 

20  o 
4  7 


Squared-up. 


Ft.  in. 


254  II 


I  O 


10  3 


6  6 


5  4 


12  10 


72  7 


2  o 


42 


Add 

Deduct  71b.  lead 
Ditto 

Ditto,  trap  door 


Add  round  trap 
door 


Slb.  curb  flashing 
to  trap  door 

Add  cover  to  trap 


7  lb.  gutter 


Add  for  cesspool 

Extra  labour  to 
roll  ends 

Extra  labour  to 
roll  intersection 


Slb.coverflashing 
Lead  wedges 

6  lb.  lead  tacks 

Copper  nailing 
3  in.  apart  to 
sky  curb 

Add  to  trap  door 

Soldered  angles 

Extra  labour  to 
cesspool 

Socket  pipe  4in. 
diameterout  of 
7lb.  lead  with 
two  bends  and 
soldered  joint 
to  cesspool 


The  quantities  having  been  squared-up  we 
then  proceed  to  collect  them  as  follows  : 


\  A  A  ^  ^^A 

Add  lead. 

7  lb. 

61b. 

Slb. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

86  7 

7  6 

19  3 

254  II 

34  2 

5  4 

6  6 

2  4 

12  10 

72  7 

4  I 

42  7 

2  0 

48  I 

80  0 

422  7 
12  II 

409  8 


less  deductions 


7  lb. 

Ft.  in. 

I  8 
I  o 
10  3 

12  II 

Ft.     in.  lbs. 

Then— 409  8x7 
48  I  X  6 
80   o  X  5 

Roll  ends. 
4 

10 
14 

Lead  wedges. 
79  pieces. 


Deductions. 
61b. 


Slb. 


lbs.  Cwt.    qr.  lbs. 

2867!  or  25    2  iii 

288i  „  2  2  8i 
400  ,,328 

Intersections. 
2 


Open  copper  nailing. 

Ft.  in. 
27  O 
20  O 


47  o 


Extra  labour  to 
cesspool. 
I. 


Soldered  angles 
to  cesspool. 
4  ft.  7  in. 

4  in.  socket-pipe  with  two  bends  and  soldered 
joint  to  cesspool. 
I  piece,  2  ft.  long. 

After  abstracting  the  quantities,  they  should 
be  made  out  in  bill  form,  ready  for  pricing  out, 
as  follows — 


Cwt. 

2S 
2 

3 


lb. 
12 

9 
8 

14 
3 
I 


Milled  lead  on  flat  gutter,  &c. 

„  „    hips,  ridging,  &c. 

„  „  flashings. 

Extra  labour  to  roll  ends. 

„         „  intersections 

„  „  cesspool. 
79  lead  wedges. 


Ft. 
47 
4 


In. 
O 

7 


Run  copper  nailing  3  in.  apart. 
Soldered  angles  to  cesspool. 
One  4  in.  socket-pipe  out  of  7  lb.  lead,  2  ft.  long 
two  bends,  one  soldered  joint. 
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If  the  above  items  are  then  priced  out,  the 
estimate  can  then  be  made  up  and  submitted  to 
builder  or  other  client. 

We  will. now  return  to  our  lead  roof  work  con- 
struction. ,  , 

It  frequently  occurs  that  a  trap-door  for  access 
on  to  a  roof  is  constructed  on  the  slopmg  sides, 
and  if  they  are  covered  with  slates  lead  flash- 
ings are  necessary  for  keeping  out  the  ram. 
Bifore  proceeding  to  explain  the  details  of  the 
leadwork,  I  should  like  to  explain  that  trap- 
doors as  usually  fixed,  are  very  far  from  being 
good  arrangements.  First,  they  are  very  difficult 
fo  open,  the  person  generally  having  to  stand  on 
portable  steps  to  reach  them.    Secondly,  they 
are  usually  laid  over  the  opening,  and  simply 
bolted  inside;  so  that  after  drawing  the  bolts 
and  the  trap  is  partially  raised,  it  will  slide  down 
the  roof.    They  have  been  known  to  fall  into 
the  street  when  the  house  has  not  had  a  parapet 
wall  to  prevent  it.    Thirdly,  they  do  not  usually 
form  a  ready  means  of  access  to  the  roof  in  a 
case  of  the  house  being  on  fire.    And  fourthly, 
a  leakage  generally  takes  place  near  them  when 
rain  is  falling.    But  as  they  are  so  often  fixed 
we  will  deal  with  them. 


One  great  cause  of  leakage  is  through  the  curb 
not  being  raised  high  enough  above  the  sides  o 
the  roof,  so  that  any  rain  falling  at  a  higher  level 
will  stream  down  and  wash  over  the  curb,  and 
pass  beneath  the  trap  cover.  Fig.  1 74,  '^^'"'^X 
afragmental  section,  will  explain  how  the  curb 
should  be  fixed  to  prevent  this,  the  usual  way 
being  as  shown  by  Fig.  I75,  the  arrow  denoting 
the  defect.  The  same  remarks  apply  to  sky- 
lights when  fixed  under  similar  conditions,  but 
in  the  case  of  skylights  the  bottom,  or  apron 
flashing  should  be  turned  up  inside,  as  shown  by 
Fig.  171  and  at  Y,  Fig.  I74,  to  catch  the  con- 
densed water  that  at  times  runs  down  the  under 
side  of  the  glass.  .  , 

Fie  176  is  apian  of  a  skylight,  showing  the 
arrangement  of  the  flashings.    A  is  the  apron 


which  is  continued  beyond  the  side  flashings,  bo 
as  to  clip  round  them,  and  form  a  tack,  as  shown 
at  B  B  The  side  flashings  C,  C  extend  beyond 
the  apron,  over  which  it  laps,  and  the  lower  ends 
are  turned  under  the  apron,  as  shown  by  dotted 


lines  at  D,  D  to  form  tacks  to  prevent  the 
bottom  edge  of  the  apron  slipping  down  the 
roof  The  edges  of  the  side  flashings  are  turned 
as  tacks  over  the  ends  of  the  skylight  gutter,  as 
shown  at  E,  E.  The  gutter  F  is  generally 
covered  with  lead  of  the  same  thickness  as  the 
other  gutters  on  the  roof,  but  the  side  flashings 
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Fir.  176, 

and  apron  are  usually  of  lighter  lead,  and  the 
same  substance  as  any  other  flashings  on  tne 
same  roof.  The  gutter  lead  is  usually  nailed  on 
the  top  edge  of  the  curb;  but,  where  the  sky- 
lights are  very  long,  the  gutter  lead  should  be 


LEAD   WORK  ON 


ROOFS   OF  BUILDINGS. 


79 


trimmed  off  near  the  top  edge  of  the  curb,  and  a 
flashing  put  on.  The  gutter  lead  is  continued 
up  the  roof  over  a  tilting  fillet,  and  beneath  the 
slates,  as  shown  at  G,  Fig.  174,  in  the  same 
manner  as  for  ordinary  roof  gutters.  In  the 
case  of  a  large  skylight,  which  requires  rather 
long  lengths  of  side  flashings,  an  additional 
tack  would  be  fixed,  as  shown  at  H.  This 
tack  should  be  slightly  sloping  downwards,  as 
shown,  and  as  explained  in  an  earlier  lecture, 
and  illustrated  by  Fig.  124.  In  cases  where  a 
great  deal  of  rain-water  will  stream  down  the 
roof  into  the  skylight  gutter  F,  Fig.  176,  this 
water  being  discharged  out  of  the  gutter  ends, 
will  sometimes  get  beneath  the  side  flashings 
and  into  the  roof.  For  this  reason  it  is  advis- 
able to  fix  soakers  on  the  sides  of  the  skylight, 
and  a  flashing  nailed  on  the  curb,  so  as  to  lap 
over  the  soakers.  When  soakers  are  fixed  the 
lead  apron  should  be  worked  round  the  sides 


FIC  177 

of  the  skylight  and  beneath  the  course  of  slates, 
marked  J,  J.  When  skylights  are  hinged,  so 
that  they  may  be  opened  for  ventilation,  a 
weather  fillet  can  he  fixed,  as  shown  at  K, 
Fig.  174,  but  if  this  fillet  was  fixed  on  the  sky- 
light, shown  by  Fig.  175,  it  would  probably  be 
broken  oft  on  raising  the  skylight.  A  common 
and  bungling  way  sometimes  practiced  for  keep- 
ing water  out  of  the  head  of  a  skylight  is  to 
nail  on  a  flashing,  as  shown  by  dotted  lines  at 
L»  Fig.  175;  but  this  very  rarely  answers  the 
purpose  for  which  it  is  intended,  and  frequently 
this  lead  is  pushed  off  on  opening  the  skylight. 
The  foregoing  remarks  apply  to  trap  doors  and 
skylights  in  an  equal  degree. 

The  best  means  for  access  to  a  sloping  roof  is 
to  fix  a  dormer  which  may  be  either  internal  or 
external,  that  is,  the  dormer  may  be  constructed 
beyond  the  inclined  surface  of  the  roof  as  shown 
by  a  window,  Fig.  142,  or  it  may  be  recessed. 


Dormer  doorways  frequently  leak  and,  like  all 
other  details  of  plumbers  work,  want  very  care- 
fully arranging.    We  will  deal  with  an  ordinary 


Flu  178 

dormer  first,  and  as  the  apron  flashing  is  the 
first  piece  of  lead  to  fix  we  will  draw  distinctions 
between  the  common  way  of  fixing  this  piece  of 
lead  and  what  is  done  by  the  best  tradesmen. 
Fig.  177  shows  a  section  of  the  dormer  sill  and 


FIG  179. 

the  lead  nailed  on  as  very  frequently  done.  In 
this  case  a  driving  rain  will  beat  up  against  the 
part  A,  and  water  be  driven  through  as  shown  by 
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the  arrow.  The  nails  will  also  eventually  be 
drawn  out  by  the  shearing  motion  that  takes 
place  between  the  woodwork  and  the  lead  winch 
slides  sideways,  so  to  speak,  by  alternately 
expanding  and  contracting.  . 

Fig.  178  shows  a  much  better  way.  In  tins 
case  The  lead  apron  is  continued  beneath  the 
sill  and  over  a  small  deal  fillet  nailed  on  the 
undersill  which  forms  a  trimmer  for  the  jack 
rafters  of  the  roof.  . 

In  Fig.  179  the  lead  apron  is  shown  as  being 
continued  between  the  sills  and  turned  up  in- 
side, and  nailed  to  the  oak  sill.  Where  the  up- 
right neck  between  the  oak  sill  and  the  slope  of 
the  roof  is  not  left,  a  wood  fillet  should  be  nailed 
on  as  shown  at  X,  to  prevent  the  lead  apron 
resting  on  the  top  edge  of  the  slates,  and  thus 
make  them  kick  out,   so  to  speak,  at  the 

bottom.  ,      .,  , 

We  will  now  proceed  to  describe  a  dormer 

window  and  then  a  dormer  doorway. 

Fig.  180  represents  a  view  of  the  window,  the 
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apron  of  which  was  shown  in  section  by  Figs. 
177,  178,  and  179.  After  the  apron  the  next 
piece  of  lead  to  fix  is  the  cheek.  The  bottom 
edge  is  usually  laid  on  the  slates  a  distance  of 
6  in.,  and  the  top  edge  is  nailed  as  shown  by  the 
dots  near  the  top  edge  of  the  dormer,  but  the 
fixing  is  much  stronger  if  the  top  edge  of  the 
lead  is  turned  into  a  rebate  cut  into  the  wood- 
work on  the  top  and  nailed  as  shown.  The  front 
edge  of  the  cheek  should  be  turned  on  the 
front  of  the  dormer  so  as  to  cover  the  joint 
between  the  sash-frame  and  the  side  boarding, 
it  is  usual  to  nail  the  front  edge  of  the  lead 
and  then  turn  a  single  welt  to  cover  the  nail- 
heads  as  shown  by  Fig.  168.  The  nailing 
should  be  into  the  sash-frame,  some  litt^ 
distance  from  the  edge,  so  as  to  not  split  it  off, 


The  nails  should  not  be  too  near  together  for 
the  same  reason,  and  they  should  not  be  too 
long  so  as  to  pass  through  the  woodwork  and 
interfere    with   the    movement   of   the  sash- 
weights.     In  some  cases   the  single  welt  is 
omitted  and  a  deal  architrave  nailed  on  tothesash 
so  as  to  cover  the  edge  of  the  lead  and  the  nails. 
It  is  usual  to  fix  a  lead  tack  under  the  lead  that 
lays  on  the  slates,  this  should  be  fixed  sloping, 
as  shown,  for  reasons  that  were  given  in  an 
earlier  lecture.     In  the  sketch.  Fig.  180,  the 
window-sill  is  shown  with  the  ends  projecting 
beyond  the   side  cheeks  of   the  dormer  as 
usually  done.    These  are  great  sources  of  leak- 
ages, and  the  wet  generally  gets  in  at  these 
pfaces.    The  sills  should  never  project  beyond 
the  sides  of  the  dormer,  as,  in  addition  to  the 
foregoing  reason,  a  lot  of  useless  time  has  to  be 
spent  in  working  the  lead  cheek  to  fit  over  them. 
On  again  referring  to  the  sketch  three  small 
circles  will  be  noticed  representing  what  are 
known  as  "  soldered  dots,"  these  being  usually 
made  with  the  object  of  forming  additional 
fixings  for  the  lead.     In  an  earher  lecture 
objections  to  dots  were  given,  but  the  arguments 
against  them  are  much  stronger  in  the  case  we 
have  now  before  us.    One  of  the  principal 
objections  being  that  the  nails,  or  screws,  have 
such  a  poor  fixing.    Fig.  181  will  explain  this. 


FIG  18!. 

The  ordinary  way  for  making  a  dot  is  to  cut  a 
sinking  in  the  wood,  work  the  lead  into  the 
sinking,  drive  in  two  or  three  nails  with  the 
joints  slanting  in  different  directions,  as  shown 
4t  A,  A,  and  then  fill  up  the  hollow  space  with 
solder.  Sometimes  the  nails  are  only  partly 
driven  in  so  that  solder  may  get  behind  the 
heads  and  thus  prevent  them  pulling  through 
the  lead,  rendering  the  fixing  perfectly  useless. 
Another  method  is,  instead  of  nails,  to  use  a 
tinned  copper  washer,  and  pass  a  screw  through 
as  shown  at  B,  but  this  is  a  very  poor  fixing  and 
perfectly  useless  unless  a  wooden  block  is  hxed 
as  shown  by  dotted  lines,  for  the  screw  to  pass 
into.  A  much  better  way  for  this  Purpose  is 
to  burn,  or  sweat,  as  it  is  sonietin-.es  called,  a 
secret  tack  on  the  back  side  of  the  lead,  pass 
the  tack  through  a  slit  cut  through  the  wood- 
work, turn  the  tack  down  and  nail  it  on  the  in- 
side as  shown  by  the  fragmentary  section  Fig. 
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182.  In  addition  to  this  being  a  better  fix- 
ing, the  lead  cheek  can  expand  and  contract 


FIG  182. 


with  a  certain  amount  of  freedom  without 
breaking  away  from  its  fastenings.  Where  the 
dormer  cheeks  require  large  pieces  of  lead  to 
cover  them,  the  lead  should  be  put  on  in  two  or 
more  pieces.  If  the  laps  are  horizontal  the 
under  or  bottom  piece  of  lead  should  have  the 
top  edge  passed  through  a  slot  cut  in  the  board- 
ing, as  shown  by  sectional  Fig.  160,  but  if  the 
joinings  are  vertical  or  upright  they  should  be 
welted  together  as  shown  by  Fig.  166.  In  this 
latter  case  it  will  be  necessary  to  fix  a  flashing 
to  lay  on  the  slates  6  in.,  and  stand  up  4  in.  or 
5  in.  against  the  dormer  cheek  to  which  it  shonld 
be  nailed,  and  then  the  cheek  lead  to  lap  over 
it.  Where  secret  gutters  or  soakers  are  used 
the  lead  cheek  would  lap  over  them,  but  the 
bottom  edge  of  the  cheek  should  pass  below 
the  edge  of  the  slates,  or  small  tacks  should 
be  fixed,  for  holding  the  free  edge  of  the  lead 
from  being  acted  upon  by  a  high  wind 

The  lead  for  dormer  tops  is  generally  used 
I  lb.  heavier  than  that  on  the  cheeks.  If  6  lb.  is 
used  for  the  cheeks  the  tops  should  be  7  lb.  The 
lead  on  these  places  should  be  well  fixed,  if  not, 
a  high  wmd  will  roll  it  up  like  a  piece  of  paper. 
Soldered  dots  are  sometimes  used  for  this  pur- 
pose and  the  edges  of  the  lead  left  projecting 


beyond  the  front  and  sides  to  form  dripping 
eaves,  but  the  objection  to  dots  has  been  before 
described.  Another  way  for  firmly  holding  the 
edges  of  the  lead  is  to  dress  them  down  and  turn 
a  secret  tack,  as  shown  by  Fig  149.  In  some 
cases  a  nosing  is  fixed  and  the  lead  worked  over 
it,  as  shown  by  Fig  183.  This  makes  a  neat 
finish,  holds  the  edges  from  being  blown  up  by 


the  wind,  and  yet  allows  the  lead  to  expand  with- 
out breaking.  In  cases  where  the  rain-water 
would  stream  down  the  front  and  over  the 
window,  a  small  groove  can  be  cut  in  the  wood- 
work on  the  top  of  the  dormer  and  the  lead 
chased  into  it,  as  shown  by  the  double  dotted 
line.  Fig  108,  so  that  the  water  would  run  down 
the  sides;  or  the  dormer  top  could  be  constructed 
with  a  fall  from  the  front  edge  to  the  sloping 
roof. 

Dormer  doorways  require  slightly  different 
treatment  to  dormer  windows.  The  latter 
generally  have  sashes  made  water-tight,  but  the 
doorways  frequently  leak  at  the  top  edge  of  the 
door.  The  way  to  treat  this  part  of  the  work  is 
shown  by  Fig  184,  which  is  a  vertical  section 


of  a  common  kind  of  doorway.  A  triangular 
deal  fillet  is  nailed  on  over  the  opening  and  a 
piece  of  lead  fixed  to  cover  the  fascia  and  also 
the  fillet,  so  as  to  form  a  kind  of  hood  or  shield 
over  the  part  referred  to  as  being  a  source  of 
weakness.  The  upright  sides  of  the  frame 
should  have  a  groove  in  the  rebate  for  the  door 
to  prevent  capillarity,  and  the  sill  should  be 
covered  with  lead,  so  that  whatever  water 
streams  down  in  the  side  joints  of  the  door 
would  be  caught  and  conveyed  outside.  In  the 
section  the  wooden  sill  is  shown  as  not  pro- 
jecting beyond  the  door-frame.  When  done 
this  way  it  is  much  easier  to  make  this  part 
water-tight  than  when  the  sill  projects,  as  shown 
by  Fig.  180.  The  writer  cannot  see  any  use 
for  this  projecting  sill,  and  presumes  it  is  fixed 
more  from  custom  than  either  appearance  or 
utility. 

Internal  doorways  are  sometimes  fixed  and 
form  a  convenient  access  to  a  roof  as 
they  have  a  floor  on  which  any  one 
can  step  or  stand  when  getting  on 
to  the  roof  without  risk  of  falling  or  injuring 
the  slates.  Fig.  185  is  a  sketch  showing  a  door- 
way of  this  kind  in  the  sloping  side  of  a  roof. 
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An  apron  should  be  fixed  to  lay  on  the  slates  at 
least  6  in.,  as  shown  at  A,  and  the  floor  B  should 
be  covered  with  lead,  the  lead  standing  up  at 


FIG  185. 

the  end  against  the  door  sill,  and  against  the 
sides  about  5  in.  or  6  in.  high.  The  sill  would 
be  covered  as  shown  by  the  section  Fig.  i»4. 
excepting  that  the  lead  would  answer  as  a  cover 
flashing  to  the  floor  lead.  The  lead  on  the 
sides  would  be  continued  upwards,  folded  round 
a  roll  and  made  to  form  a  secret  gutter  under 

the  slafs.  j  • 

Where  the  pieces  are  very  large  and  then- 
weight  would  have  a  tendency  to  drag  them 
away  from  the  top,  they  should  be  nailed  on  the 
upper  surface  of  the  roof  boarding  after  which 
the  roll  should  be  nailed  on  and  covered  with 
lead  which  should  hang  down  over  the  sides 
and  also  be  folded  to  form  a  secret  gutter  as 
shown  in  section  by  Fig.  186.     It  is  not  at  all 


a  good  plan  to  lay  the  top  edge  of  the  lead  on 
the  slates  when  it  would  have  .ts  free  edge  ex- 
nosed  to  the  wind  or  a  driving  rain.  Neither 
fs  t  a  good  method  to  nail  the  top  edge  of  he 
ead  on  to  the  roof  boarding  and  then  fix  the 
Slates  over  it  so  as  to  leave  their  edges  ex- 


posed in  the  same  manner  as  described  for  the 

^^^riie  ends  of  the  upright  pieces  of  lead  should 
be  returned,  nailed  to  the  door  frame  and 
a  single  welt  turned  over  the  nail  heads  as 
described  for  the  dormer  window  Fig.  180.  In 
some  cases  these  upright  edges  have  been 
worked  into  the  rebate  of  the  door  frame,  but 
it  is  difficult  to  keep  the  lead  straight  and  true 
so  as  to  make  the  door  fit  moderately  tight  to 
keep  rain  from  driving  in  through  the  joint. 

The  door  head  will  next  receive  our  attention. 
The  water  that  streams  down  the  roof  imme- 
diately above  the  doorway  should  not  be  allowed 
to  run  down  and  over  the  door  nor  yet  to  fall 
like  a  cascade  and  splash  about  on  the  floor 
near  the  door.  A  hood  could  be  fixed  as  shown 
by  Fig.  184,  to  protect  the  door,  but  this  wouldnot 
get  rid  of  the  other  evil.  An  eaves  gutter  could 
be  fixed  with  ends  open  so  as  to  discharge  on 
to  the  roof  at  the  sides  of  the  doorway  or  the 
ends  could  be  stopped  and  a  pipe  fixed  from 
the  gutter  to  discharge  onto  the  floor.  Another 
method  would  be  to  construct  a  gutter  as  shown 
in  section  bv  Fig.  187.    In  this  case  the  ends  of 


the  gutter  should  be  continued  on  the  slates  at 
the  sides  so  as  to  convey  the  water  sonie  little 
distance  away  from  the  secret  gutter  benea  h 
the  edge  of  the  slates  at  the  sides  of  the 

"""in Tome  cases  on  a  Mansard  roof,  which  is  con- 
structed as  shown  by  Fig.  14:^,  the  dormers  have 
only  a  very  narrow  space  between  them  and  as 
this  space  has  to  carry  away  a  1  the  water  ha 
falls  on  the  upper  portion  of  the  roof,  as  well  as 
that  which  falls  on  the  dormers,  great  care  has 
to  be  taken  with  the  construction  of  the  lead- 
work.    The  best  plan  would  be  to  cover  the 
above  spaces  with  lead,  but  on  some  buildings 
the  architects  study  the  colour  of  the  various 
materials  used,  and  would  object  to  some  por- 
tions of  the  roofs  being  the  colour  of  lead^  and 
other  and  similar  portions  that  of  f^t^.  Where 
th^  roof  is  entirely  covered  with  lead  the  pro 
blcm  is  easy  enough,  but  when  slates  are  used 
S  cover  tlie\oof,  and  lead  to  make  various  por- 
tLs  water-tight,  without  being  too  conspicuous 
the  problem  becomes  more  intricate.     1  he  Dest 
method  to  be  pursued  m  this  case  is  to  use 
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soakers,  as  ordinary  flashings  are  useless,  for  the 
reason  that  the  water  will  get  beneath  the  part 
that  lays  on  the  slates,  and  so  pass  into  the  roof. 
In  some  cases  where  cheeks  are  fixed  so  that 
their  bottom  edges  lay  on  the  slates,  it  has  been 
found  necessary  to  use  soakers  as  well,  where 
the  dormers  come  nearly  close  together,  the  part 
on  the  slates  being  left  simply  for  the  sake  of 
making  the  whole  of  the  work  rhyme,  so  to 
speak,  and  not  because  of  its  actual  necessity  in 
all  cases. 

Where  roofs  are  covered  with  tiles  and  lead 
used  for  the  weatherings,  a  little  ingenuity  is 
sometimes  required  to  make  the  work  look  neat. 
As  an  example,  the  apron  to  a  chimney,  or 
dormer,  looks  ugly,  by  reason  of  the  edges  of 
the  tiles  standing  so  high  above  the  lead  apron 
at  the  ends.  This  can  be  best  explained  by 
means  of  a  sketch;  see  K,  Fig.  188.  A  neat 
way  to  avoid  this  is  to  nail  on  two  deal  fillets, 
one  thicker  than  the  other.  The  top  fillet  to 
form  a  ground  to  support  the  lead  close  to  the 
chimney,  and  the   other  for  the   top  edge  of 
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the  heading  cour.  e  of  tiles  to  lay  on,  and  thus 
bring  them  up  level  with  those  at  the  sides. 
When  the  chimney  or  dormer  comes  a  short 
distance  above  a  gutter,  the  tiles  can  be  left 
out,  and  the  space  boarded  up  even  with  the 
surface  of  those  at  the  sides.  The  section,  Fig. 
189,  will  make  this  more  clear.  The  piece  of 
board  is  shown  at  F,  and  should  have  a  thick- 
ness equal  to  the  springing,  plus  two  thick- 
nesses of  tiles.  The  dotted  lines  shows  the 
tiles  at  the  sides,  and  also  the  springing.  I 
may  here  say  that  I  prefer  to  have  a  second 
springing  nailed  on  beneath  the  ordinary  one, 
as  shown  in  the  section.  In  all  the  illustrations 
that  have  been  given,  the  springing  has  been 
shown  as  generally  done  in  practice,  but  as 
last  illustrated  is  much  the  best,  as  the  "  setting 
in "  of  the  lead  below  the  springing  is  not 
necessary.  In  some  cases  the  lead  will  slip 
down  and  form  a  buckle  over  the  edge  of  the 


springing.  This  is  often  found  in  old  work. 
In  addition,  water  will  get  in  at  the  laps,  pass 
along  this  buckle,  and  so  get  into  the  roof. 


In  Fig.  189  the  lead  gutter  is  shown  as  laying 
up  the  slope  of  the  roof  and  turned  into  the 
joint  of  the  brickwork.  It  should  have  had  an 
apron  flashing  fixed  from  the  chimney  to  lay 
over  the  gutter  lead.  As  illustrated  the  gutter 
lead  is  fixed  too  tightly  and  would  eventually 
break  or  be  dragged  out  of  the  joint  between 
the  courses  of  bricks. 

It  frequently  occurs  that  a  chimney  will 
project  from  a  party  or  gable  wall  into  the 
root.  In  these  cases  the  step  flashing  is  fixed 
below  the  chimney  in  the  usual  way  as  shown 
at  A,  Fig.  190.    Some  plumbers  will  boss  up  a 


FIG  190. 

corner  at  the  top  end,  but  this  is  not  necessary. 
The  apron  B  should  then  be  fixed,  a  corner 
being  bossed  up  to  fit  the  internal  angle,  and 
the  part  that  lays  on  the  sloping  roof  should  lap 
over  the  top  end  of  the  lower  piece  of  step 
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flashing.  A  side  flashing  is  then  fixed  as 
shown  at  C.  A  small  gutter  should  be  made 
to  fit  behind  the  chimney,  with  a  coiner  bossed 
up  to  fit  the  angle,  the  outlet  end  worked 
down  the  drip  and  lap  over  the  last  piece  of  step 
flashing.  The  gutter  lead  should  lay  over  a 
thin  piece  of  springing  and  under  the  slates  m 
the  same  manner  as  for  ordinary  gutters. 
Sometimes  the  gutter  is  turned  into  the  \yall  on 
the  top  edges,  in  other  cases  a  small  piece  of 
cover  flashing  is  fixed  over  the  side  and  end 
that  stand  up  against  the  wall.  Where  neces- 
sary another  length  of  step  flashing  is  fixed  above 
the  chimney  gutter  to  the  ridge  or  whatever  the 
sloping  roof  stops  against. 

Ordinary  parapet  gutters  have  been  referred 
to  in  earlier  lectures.    Fig.   1 1 1  represents  a 
plan  of  a  box  or  parallel  gutter.    The  same  re- 
marks which  were  made  on  drips  on  lead  flats 
apply  to  a  certain  extent  to  gutter  drips.  As 
parallel  gutters  are  not  always  made  it  may  be 
advisable  to  make  a  few  remarks  on  tapering 
gutters.    In  the  first  place  a  plan  of  a  roof 
showing  a  tapering  gutter  cannot  properly  be 
made  until  it  is  known  how  wide  the  lead  should 
be  shown  on  the  plan.    And  then  again,  when 
plans  are  made  for  the  plumbers  guidance,  he 
could   not    from    those   plans    always  know 
how    wide    he    should    cut    out    his  pieces 
of    lead    for    the    gutters,    especially  when 
the   plans   have  been    prepared   in    a  hap- 
hazard way,  and  the  width  of  the  gutter  not 
worked  out  in  a  proper  manner.     Architects,  in 
their  specifications  will  sometimes  stipulate  that 
the  gutters  shall  not  be  less  than  i  ft.  wide  at 
the  narrowest  part,  shall  have  a  fall  of  ijin.  in 
lo  ft.  of  length,  the  drips  to  be  2  in.  deep,  and 
not  more  than  8  ft.  apart.    To  know  how  wide 
to  show  the  lead  gutters  on  the  plan,  or  to  cut 
out  the  lead  from  a  plan  which  has  not  been 
properly  drawn  we  will,  as  a  problem,  assume 
that  a  roof  is  40  ft.  long,  and  the  gutters  have  to 
be  made  according  to  the  above  stipulations. 
One  side  of  the  gutter  being  against  a  parapet 
wall,  and  the  other  side  laying  on  a  roof  sloping 
at  an  angle  of  45  degs.,  the  springing   for  the 
eaves  course  of  slates  being  fixed  the  ordinary 
distance  of  3  in.  (measured  on  the  sloping  roof) 
above  the  sole  of  the  gutter.    The  lead  to  stand 
against  the  wall  6  in.  high,  and  to  lay  a  distance 
of  6  in.  under  the  slates,  that  is,  above  the 
springing.    If  we  allow  i  in.  for  the  thickness 
of  the   springing,  and  add  these  dimensions 
together,  we  have  a  total  of  i  ft.  4  in.  to  which 
should  be  added  the  width  of  the  sole  of  the 
gutter.    To  find  this  last  width  it  is  necessary 
to  draw  a  section  of  the  wall,  the  gutter  at  the 
lowest  end,  and  the  sloping  roof,  as  shown  by 
Fig.  191.    We  could,  by  adding  the  dimensions 
together  get  to  know  how  wide  the  lead  would 
be  at  the  highest  end,  but  as  we  wish  to  know 
the  widths  at  various  intermediary  distances  we 
will  work  it  out  step  by  step.     Now  a  fall  of 
I J  in.  in  10  ft.  is  equal  to  J  in.  to  each  foot.  As 
the  drips  are  8  ft.  apart  the  fall  from  the  first 


drip  to  the  lowest  end  is  eight  times  i  in.  or  i  in. 
If  we  now  draw  a  line  i  in  above  A,  B  (which 
represents  the  sole  of  the  gutter  at  the  lowest 
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FIG  191. 

end)  and  parallel  with  it  the  length  of  that  line 
represents  the  width  of  the  sole  of  the  gutter 
below  the  first  drip.  We  then  draw  a  line 
parallel  with  the  last  one,  but  2  in.  above  it  to 
represent  the  width  of  the  sole  of  the  gutter 
above  the  first  drip.  A  line  i  in.  above  the  last 
one  will  represent  the  width  of  the  lead  below 
the  second  drip,  and  2  in.  above  that  again  will 
give  the  width  of  the  gutter  above  the  drip. 
These  dimensions  should  be  repeated  for  the 
remaining  length  of  the  gutter  as  shown  by  F  ig. 

191,  and  the  last  line  will  represent  the  width 
at  the  highest  end,  as  shown  by  C,  D.  To  com- 
plete the  problem  we  will  now  draw  a  plan  of 
the  gutter  and  use  the  above  lines  for  setting  out 
the  widths.    This  plan  is  partly  shown  by  Fig. 

192.  It  is  drawn  to  scale  but  a  quarter  the 
size  of  Fig.  191.  The  student  can  follow  it  out 
and  then  assume  and  work  out  another  problem 
but  draw  it  full  size  and  use  difi"erent  dimen- 
sions so  as  to  become  thoroughly  versed  in  the 
details.  If  the  above  problem  is  set  out  to  a 
scale  large  enough  for  exactly  measuring  the 
dimensions  the  top  end  of  the  gutter  will 
measure  about  2  ft.  i  in.,  which  added  to  the  ift. 
4  in.  given  above,  will  make  the  lead  3  ft.  5  in. 
wide  at  the  highest  end.  The  bottom  end  will 
measure  i  ft.  which,  added  to  the  i  ft.  4  m-. 
will  give  2  ft.  4  in.  as  the  width  at  the  lowest 
end.  If  the  3  ft.  5  in.  and  2  ft.  41"-  are  added 
together  and  divided  by  two,  we  have  a  mean 
width  of  2  ft.  loiin.  The  net  length  of  the 
gutter,  plus  the  turn  up  against  the  two  ends  and 
an  allowance  of  S  in.  for  each  of  the  four  drips, 
will  giveatotallengthof43ft-8in-  If  the  above 
dimensions  are  squared  up,  we  find  that  the 
superficial  area  of  the  lead  used  for  the  gutters 
will  be  125  ft.  loiin.  Multiply  this  by  the 
weight  per  foot  of  the  lead  used,  and  we  then 
know  the   total   weight   of  the   lead   in  the 

gutters.  ...  -c 

Some  architects  will  describe  in  their  specihca- 
tions  the  lead  to  lay  under  the  slates  a  distance 
of  9  in.,  but  this  is  a  waste  of  material,  as  6  in.  is 
quite  enough.  Other  architects  will  specify  the 
lead  to  lay  up  the  sloping  roof  to  the  same 
vertical  height  as  that  side  which  stands  against 
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the  wall,  meaning  thereby  that  a  horizontal  line 
projected  from  the  top  edge  of  the  stand  up  lead 
against  the  wall  onto  the  sloping  roof,  will  show 
the  distance  the  lead  has  to  lay  up  the  roof.  But 
this  does  not  always  work  out  well  in  practice. 
As  an  example,  let  the  line  E,  F,  Fig.  193,  repre- 


shovels  should  be  used.  These  can  be  made 
out  of  pieces  of  deal  board,  cut  to  the  required 
shape. 


riG  193. 

sent  the  face  of  a  parapet  wall,  F,  H  the  sole  of 
the  gutter,  H,  K  the  slope  of  a  roof  which  is 
nearly  upright,  and  H,  L  the  slope  of  a  low- 
pitched  roof.  In  one  case  the  lead  will  be  only 
3  in.  under  the  slates,  and  in  the  other  it  will  be 
about  urn.  On  the  face  of  the  argument,  this 
appears  to  be  a  good  plan,  as  the  gutters  will 
hold  more  water,  should  they  become  choked 


FIG  194 

In  some  kinds  of  architecture  the  gutters  on 
roofs  are  arranged  so  that  they  cannot  be  seen 
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with  snow  or  any  other  ob.stacle,  than  if  one  side 
was  lower  than  the  other.  But  it  is  a  useless 
provision,  as  long  before  the  gutters  became  full 
of  water,  it  would  have  leaked  or  passed  through 
the  drips,  assuming  them  to  be  of  the  ordinary 
height.  To  carry  the  above  argument  to  its 
logical  conclusion,  all  gutters  should  stand  up  at 
the  sides  to  a  level  line  carried  all  round,  in 
which  case  the  lower  gutters  would  be  a  con- 
siderable depth.  In  the  example  shown  by  the 
last  figure,  the  dotted  lines  represent  the  lead 
continued  upwards  for  the  lower  gutters,  and  a 
glance  will  show  the  waste  of  materials. 

All  gutters  should  have  wooden  racks  laid  in 
the  bottom.  There  are  several  reasons  for  this. 
They  protect  the  lead  to  a  certain  extent  from 
the  effects  of  the  sun's  heat  rays.  They  save 
the  lead  from  being  worn  from  walking  over  it 
by  chimney  sweeps  or  workmen.  In  the  winter 
time  the  racks  would  act  as  strainers  during  a 
fall  of  snow,  allowing  the  water  to  run  away  as 
the  snow  became  melted  by  the  warmth  of  the 
house.  This  is  a  much  better  plan  than  sending 
men  onto  the  roof  to  pitch  ofT  the  snow  into  the 
street,  or  a  backyard,  using  for  the  purpose 
common  iron  shovels,  which  they  dig  into  the 
lead,  frequently  making  holes  through  it.  When 
snow  must  he  removed  from  a  roof,  wooden 


from  below,  or  yet  have  parapet  walls,  the 
gutter  being  sunk  into  the  roof.  Fig.  194 
represents  the  plan  of  a  lead  covered  roof  on  a 


clock  tower  that  was  so  arranged,  and  Fig.  195 
is  a  section  across  the  gutter.    The  gutters 
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were  continued  all  round  the  roof,  had  drips  and 
a  fall  towards  two  opposite  corners  and  rain 
water  down  pipes  fixed  inside  the  tower  so  that 
they  should  not  be  seen  from  the  outside.  After 
the  gutters  were  lined  with  lead  the  wooden  rolls 
were  fixed,  the  under  sides  of  the  rolls,  where 
they  cross  the.  gutters,  being  first  covered  with 
lead  of  a  light  substance.    The  bays  were  then 


laid  in  the  usual  manner  and  a  small  piece  cut 
out  of  each  bay  where  it  crossed  the  gutter,  and 
then  the  sides  of  the  holes  were  worked  down 
into  the  gutter,  as  shown  by  Fig.  195.  When 
travelling  about  the  country  I  sometimes  come 
across  a  mansion  that  has  these  sunken  gutters, 
but  let  into  roofs  that  are  slated.  In  these 
cases  a  lead  flashing  is  generally  fixed  to  lap 


over  the  slates  on  the  lower  side  of  the  gutter 

It  is  necessary  that  these  flashings  should  be 
well  fixed,  otherwise  the  wind  can  get  under  the 
free  edge  and  eventually  lift  the  lead  off  its 
position.  There  are  various  ways  of  doing  this 
— not  only  in  the  above  positions,  but  in  others 
under  similar  ronditions.  Fig.  196  is  a  section 
of  a  ridge  of  a  roof,  the  front  side  of  which  was 
very  steep,  and  the  other  rather  flat.  The  lead 
extended  down  the  front  side  about  i  ft.  3  in, 
and  had  the  edge  trimmed  to  a  fancy  design. 
The  opposite  bide  lay  on  the  slates  the  usual  dis- 
tance of  6  in.  It  was  thought  the  lead  would  be 
so  heavy  on  the  front  side  that  it  would  slip 
down  and  drag  away  from  the  ridge.  To  pre- 
vent this,  pieces  of  stout  sheet-copper,  about 
6  in.  by  6  in.  were  screwed  to  the  ridge  piece, 
as  shown  at  M,  about  3  ft.  apart,  and  the  edge 
of  the  lead  folded  under  them  so  as  to  form 
clips  to  prevent  the  above  occuring,  and  also  to 
hold  the  edge  of  the  lead  from  being  blown  up 
by  the  wind.  Secret  tacks  were  also  sweated 
on,  as  shown  at  N. 

Several  more  lectures  could  be  given  on  roof- 
ing and  external  plumbers'  work,  but  what  has 
been  written  will  cover  most  of  that  which  is 
found  in  everyday  practice.  Extraordinary 
cases  frequently  crop  up,  and  architects  fre- 
quently design  fresh  subjects  for  the  plumbers 
to  execute,  but  a  good  tradesman  very  rarely 
fails  to  carry  them  out  in  a  satisfactory  manner. 
It  is  true,  some  of  these  designs  require  a  great 
deal  of  thought  and  skill,  but  a  man  who  really 
likes  his  trade  and  has  the  ambition  to  do  every- 
thmg  as  well  as  it  can  be  done,  never  fails  to 
produce  something  which  is  a  credit  to  himself 
and  those  associated  with  him. 


RAIN-WATER 

ON  leaving  the  roof  the  next  piece  of  plumbing 
work  that  we  come  to  is  the  rain-water  head, 
and  the  foregoing  remarks  apply  with  particular 
force  to  this  detail,  which  is  generally  made  into 
a  pronvnent  feature  in  any  building  designed  by 
an  architect,  who,  as  a  rule,  will  have  them 
made  to  a  special  design  ot  his  own  in  preference 
to  buying  cast-iron  ones,  which,  although  they 
may  look  very  well,  may  not  suit  the  style  of  the 
building.  Lead  heads  for  rain-water-pipes  are 
found  in  most  old  buildings,  and  very  nice  some 
of  them  look.  When  renovating  any  of  these 
old  buildings,  the  instructions  generally  given 
to  the  plumber  are  that  he  shall  repair  and  re- 
fix  the  old  heads,  and  if  they  are  past  repair — 
which  is  very  rarely  the  case — that  they  shall 
be  reproduced  exactly  like  the  old  ones.  At  a 
cou;;iry  mansion  where  the  writer  was  fixing  new 
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soil-pipes  outside  the  house,  he  had  to  make 
lead-heads  to  match  the  old  ones,  and  fi.\  them 
over  the  top  ends  of  the  soil-pipes,  so  that  they 
should  look  like  rain-water-pipes,  and  thus  dis- 
guise their  real  use.  It  is  not  my  intention  to 
illustrate  any  of  these  old  heads,  or  to  give 
designs  for  new  ones,  but  simply  to  dwell  a 
short  time  on  a  few  details  in  connection  with 
them.  In  the  first  place,  lead-heads  never  wear 
out,  they  sometimes  get  knocked  about  by 
ladders,  or  distorted  by  workmen  standing  upon 
them.  They  sometimes  break  away  from  their 
fixings,  thus  showing  want  of  thought  on  the 
part  of  the  men  who  fixed  them.  Some  heads, 
according  to  their  size,  weigh  a  great  deal.  I 
have  seen  them  weigh  over  i  cwt.  The  usual 
method  of  fixingthemistohavethc  back  lead  pro- 
ject beyond  the  sides  some  distance,  to  form  lugs 
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ortacks,and  wallhooks  driven  through  these  tacks 
into  the  joints  of  the  brick  walls,  or  into  wooden 
plugs  driven  into  dowel  holes  cut  into  the  stone, 
when  the  walls  are  built  of  that  material.  Now 
it  stands  to  reason  that  even  ^cwt. 
hung  on  four,  or  perhaps  six  wall 
hooks,  must  eventually  break  away  from 
the  wall.  The  evil  is  aggravated  if  these 
wall-hooks  are  driven  into  the  tacks  some 
distance  away  from  the  sides  of  the  head  as 
shown  at  N,  N,  Fig.  197,  the  tack  being  partly 


unfolded  to  show  the  heads  of  the  hooks.  If 
the  piece  of  lead  which  forms  the  back  is  made 
large  enough  so  that  when  the  head  is  made 
the  back  will  stand  up  3  in.  or  4  in.  higher,  it 
can  be  folded  back  as  shown  at  O  by  dotted 
lines,  let  into  the  wall,  wedged  with  lead  wedges, 
and  then  pointed  up  with  cement.  In  the  case 
of  fixing  the  lead  on  the  face  of  a  stone  wall  a 
raglet,  or  chase,  could  be  cut  for  the  back  lug 
of  the  head  to  turn  into,  and  then  the  chase 
filled  up  by  pouring  in  molten  lead  in  the  same 
way  that  lead  flashings  are  "  burned,"  as  it  is 
commonly  called,  to  stone  walls.  This  is  not 
difficult  to  do.  A  piece  of  dry  deal  should  be 
cut  as  shown  by  Fig.  198,  the  lower  portion  of 
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the  face  to  be  recessed  equal  to  the  thickness  of 
the  lead  so  that  the  upper  portion  will  fit 
tightly  against  ihe  wall  above  the  chase  in  the 
stone.  The  edge  P  should  be  placed  even  with 
the  top  edge  of  the  raglet  and  struts  placed  to 
hold  the  piece  of  wood  in  its  position.  Pouring 
holes,  or  channels,  should  be  cut  as  shown  at 
R,  R.  One  can  be  used  as  a  pouring  hole  and 
the  other  will  act  as  an  air  vent.  When  burn- 
ing flashings  to  stone  walls  the  length  of  the 


piece  of  wood  should  not  exceed  2  ft.  If  a 
longer  length  of  burning  is  attempted  it  is 
necessary  to  have  more  men  to  pour  at  the  same 
time  as  the  lead  will  not  run  freely,  in  the  chase 
cut  in  the  cold  stone,  for  any  long  distance. 
Care  should  be  taken  not  to  have  the  molten 
lead  too  hot  or  it  will  melt  the  lead  flashing,  or 
the  "turnin"  of  the  head  if  one  is  being  fixed. 
The  ends  of  the  raglet  beyond  the  burning 
stick  should  be  stopped  with  clay  or  a  piece  of 
common  putty.  When  the  burning  stick  is  re- 
moved the  lead  will  look  straight  and  even  if 
properly  done,  and  will  not  require  any  trim- 
ming beyond  cutting  off  the  runners  left  by  the 
pouring  holes.  As  the  lead  shrinks  when  cool- 
ing it  is  usual  to  use  a  blunt  hand-chisel  and 
hatch  the  face  of  the  run-in  lead  to  cause  it 
to  swell  out  and  fit  tightly  in  the  stone.  This 
hatching  is  usually  done  to  what  is  commonly 
called  a  herring-bone  p-ittern.  In  some  cases 
a  caulking  tool  or  a  staving  iron  is  used  to  set 
up  the  face  of  the  lead,  but  in  some  cases  this 
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causes  tne  eages  of  the  stone  raglet  to  become 
"  stunned,"  as  stonemasons  call  it,  so  that  they 
will  afterwards  crumble  away. 

In  country  mansions  we  frequently  see  lead 
shields  substituted  for  rain-water  heads.  The 
shieldsbeingfixedtohide  the  connection  of  down- 
pipe  with  the  gutter,  and  also  act  as  an  ornament. 
Fig.  199  is  a  sketch  illustrating  several  that  the 
writer  fixed  some  12  years  ago  at  a  nobleman's 
mansion.  The  body  A  was  made  out  of  a 
piece  of  8  lbs.  lead,  blocked  and  worked  on  a 
piece  of  oak  cut  to  the  pattern.  The  piece  B 
was  also  blocked  in  the  same  manner  and 
fastened  on  to  the  body  by  means  of  the  crosses 
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C  whicK  were  cast  in  a  leaden  flask  (made  for 
the  purpose),  and  had  lead  tags  to  ihem  as 
usually  cast  on  leaden  clacks  for  jack  pumps. 


FIC  .  BOO 

Holes  were  made  through  the   two  pieces  of 
lead  forming  the  body  of  the  shield,  the  tags  of 
the  crosses  passed  through  and  rivetted  on  the 
back  side.    This  being  carefully  done  so  as  not 
to  bruise  or  scratch  the  faces  of  the  crosses. 
The  crest  and  upper  portion  of  the  shield  were 
cast  in  a  leaden  flask  as  shown  by  Fig.  200.  A 
pattern  was  made  in  the  first  instance  by  hand 
out  of  pieces  of  lead,  the  pattern  laid  on  a  bed 
of  sand  in  a  box,  and  half  the  flask  cast  by 
pouring  a  pot  of  melted  lead  over  the  pattern 
as  it  lay  on  the  sand.    The  half  flask  with  the 
pattern  in  it  were  then  turned  over,  had  a  strip 
of  sheet-lead  folded  round  the  edges  and  backed 
up  with  moistened  sand.    A  thin  coating  of  soil 
or  smudge  was  then  laid  over  the  bright  por- 
tions of  the  lead,  and  the  other  half  of  the 
flask  cast  by  filling  up  the  space  with  melted 
lead.    Projecting  studs  were  cast  cn  the  first 


half  of  the  flask  so  that  on  making  the  second 
half  sinkings  were  cast  for  the  studs  to  fit  into. 
By  doing  this  the  two  halves  fit  exactly  in  the 
right  positions,  and  the  two  outsides  of  the 


pattern  come  opposite  each  other.    Should  any 
reader  attempt  to  make  a  lead  flask  for  casting 
any  small  lead  articles  he  will  find  it  an  ad- 
vantage to  have  a  very  large  ladle  and  pour  the 
melted  lead  into  the  pattern  as  quickly  as  possible. 
In  some  cases  I  have  had  a  pot  full  of  melted 
lead  and  upset  it  on  to  the  pattern.    If  the  lead 
is  poured  slowly,  the  pattern,  it  of  lead,  will 
twist  and  wind  out  of  shape  by  the  unequal  ex- 
pansion which   takes   place  when  the  melted 
lead  comes  into  contact  with  the  pattern.  Tlie 
lead  also  gets  beneath  the  pattern  so  that  it  will 
not  draw  out  of  the  mould.     Pouring  the  lead 
slowly  also  makes  the  flask  or  mould  "flaky  " 
so  that  clean  castings  cannot  be  made  in  it.  If 
the  two  halves  of  the  mould  or  flask  are  well 
made,  care  taken  to  well  soil  the  inner  surfaces, 
and,  when  casting  the  pattern,  not  pour  the 
lead  too  hot,  a  lead  mould  will  last  for  a  con- 
siderable length  of  time  and  several  castings 
can  be  had  from  it.    Where  the  castings  are 
required  to  look  smart  it  is  necessary  to  trim 
them  up,  pare  the  edges  and  sharpen  the  ar- 
rises     Gun-metal  moulds  would  be  much  better 
than  those  made  of  lead,  as  they  could  be  heated 
so  that  the  lead  would  run  better  in  them  and 
so  make  better  and  sharper  castings  which 
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would  require  less  trimming  afterwards.  But 
gun-metal  moulds  are  costly  and  cannot  be 
made  by  the  plumber  in  the  same  manner  as 
those  of  lead  and  which  answer  their  purpose 

fairly  well.  ,         ,  ^. 

On  each  side  of  the  shield,  shown  by  Fig. 
iQo,  lead  foliage  was  fixed,  the  pattern  being  as 
shown  by  Fig.  201.  This  last  figure  also  shews 
a  section  of  the  shield  and  the  double  bent-pipe 
from  the  eaves  gutter  under  the  soffit  of  le 
nroiecting  eaves  of  the  roof  to  the  walls  of  the 
house.    The  pattern  of  the  foliage  was  cut  out 
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of  a  piece  of  sheet-lead,  and  then  a  flask  or 
mould  made  as  described  above,  the  flask  being 
afterwards  used  for  casting  as  many  as  were 
required.  The  rain-water-pipes  were  of  lead, 
the  sockets  being  quite  plain. 

At  another  job  in  the  north  of  England, 
ornamental  lead-heads  were  made,  the  down- 
pipes  were  of  lead,  square  in  section,  and  the 
sockets  were  ornamented,  as  shown  by  Fig. 
202.  So  that  the  weight  of  the  pipes  should  not 
drag  down  and  distort  the  large  projecting  and 
scrolled  ears  the  back  part  of  the  socket  end 
of  the  pipe  was  made  to  stand  up  about  4  in., 
and  flat-headed  nails  driven  through  into  the 
wall,  as  shown  by  dotted  lines  at  D. 

It  is  very  rarely  that  soldered  joints  are  made 
to  leaden  rain-water-pipes  when  they  are  fixed 
outside  the  building.  In  addition  to  the  un- 
necessary cost  of  making  joints,  the  pipes  would 
not  look  so  well,  especially  if  fixed  in  positions 
where  the  sun's  rays  would  fall  upon  them. 
Some  the  writer  has  seen,  and  that  had  soldered 
joints,  looked — to  use  a  colloquial  expression — 
as  crooked  as  a  dog's  hind  leg.  When  the  pipes 
are  fixed  in  6  ft.  lengths,  and  plain  socket  joints 
made,  each  joint  allows  for  a  certain  amount 


of  expansion  to  take  place  without  forcing  the 
pipes  out  of  a  straight  line;  but  care  should  be 
taken  not  to  allow  the  spicket  end  of  the  upper 
pipe  to  rest  in  the  bottom  of  the  socket  on  the 
lower  pipe.  About  i  in.  to  Jin.  space  should 
be  allowed  for  the  free  expansion  of  each  length 
of  pipe. 

When  plain  drawn  lead-pipe  is  used,  it  be- 
comes necessary  to  open  the  top  end  of  the 
lower  pipe  for  the  spicket  end  of  the  next  length 
o  socket  into.    This  is  usually  done  by  means 


of  a  hand  dummy,  but  it  is  a  much  better  plan  to 
have  a  wooden  mandril,  made  as  shown  by  Fig. 
203.  The  smaller  portion  of  the  mandril  should 
be  a  trifle  smaller  than  the  size  of  the  inside  ot 
the  pipe,  and  the  upper  portion  a  little  larger 
than  the  outside  size  of  the  pipe.  The  mandril 
having  its  smaller  end  placed  in  the  end  of  the 
pipe,  and  driven  in  with  a  good  sized  mallet,  will 
enlarge  the  pipe,  and  form  the  required  socket. 
Three  or  4  ins.  in  depth  is  quite  sufficient 
where  the  pipes  are  intended  co  be  quite  plain. 
In  some  cases  the  sockets  are  ornamented  by 
means  of  a  bead  turned  on  the  top  of  the  socket 
and  sometimes  another  bead  is  soldered  on  the 
bottom  edge  to  make  it  look  smarter.  Strong 
lead  ears  being  cast  and  soldered  onto  the  back 
ot  the  socket  between  the  beads  for  nailing  to 
the  wall  and  suspending  the  pipe.  There  are 
large  numbers  of  examples  of  sockets,  as  shown 
by  Fig.  204.  This  is  a  very  old  design,  but  it 
has  been  used  a  great  deal  in  later  years  on 
houses  of  modern  construction.  For  country 
mansions  sometimes  the  family  coat-of-arms  is 
planted  on,  as  shown  by  Fig.  202,  and  the  ears 
are  scrolled,  as  shown  by  the  same  illustration. 


In  Fig.  204  the  ears,  or  tacks  as  they  are  some- 
times called,  are  shown  as  usually  made,  and  are 
9  in.  or  10  in.  high,  and  project  about  9  in. 
on  each  side. 

These  tacks  have  two  thicknesses  of  lead. 
Flat-headed  wall-hooks  are  driven  through  the 
under  thickness  into  the  joints  of  the  brick 
walls,  and  then  the  other  half  of  the  lead  is 
folded,  so  as  to  fit  tight  up  to  the  pipe,  and 
cover  the  heads  of  the  wall-hooks  to  hide  their 
unsightly  appearance,  and  also  to  protect  them 
from  the  weather,  which  would  soon  cause  them 
to  rust  away — where  lead  and  iron  are  in  actual 
contact  in  the  presence  of  moisture  a  Voltaic 
action  is  set  up,  in  which  case  the  iron  will 
eventually  entirely  rust  away.  The  right  hand 
tack  is  shown  as  only  partly  folded,  so  as  to 
make  clear  what  is  intended,  and  also  to  show 
the  position  of  the  wall-hooks.  These  should 
be  driven  in  as  close  to  the  pipe  as  possible,  as 
shown  at  F,  F,  and  not  some  distance  away  as  at 
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E,  so  that  the  weight  of  the  pipe  will  not  drag 
it  away  from  the  wall,  and  tear  the  tacks  away 
from  the  hooks.  When  driving  in  the  hooks,  a 
foul  blow  with  the  hammer  will  sometimes 
bruise  the  pipe,  but  this  can  be  prevented  by 
holding  a  small  iron  plate  near  it  when  driving 


FIG  .  205 


the  hooks.    The  tacks   should   be   made  of 
thicker  lead  than  is  usually  the  case. 

Several  master  plumbers  have,  these  last  few 
years,  introduced  cast  lead-ticks  of  about  3-1 6th 
in  to  i  in.  in  thickness,  and  of  an  ornamenta 
design.    In  some  cases  the  people  who  fixed 
the  pipe  can  be  known  by  the  design  of  the  tacks. 
These  thick  tacks  are  a  great  improvement,  as 
beino-  less  liable  to  tear  than  those  made  of 
ordinary  sheet  lead,  and  thus  form  a  better  fix- 
ino-  than  the  old  way.    When  thick  cast  lead- 
tacks  are  fixed,  very  large-headed  nails  with 
strong,  flat  stems,  should  be  used  for  driving 
into  the  wall.    The  nails  can  have  ornamental 
heads  to   them   and  be   of  galvanised  iron, 
although  these  are  not  nearly  so  good  as  gun 
m.etal  or  copper  nails   for   withstanding  the 
atmospheric  influences  which  set  up  a  galvanic 
action  between  the  metals.    Lead-headed  iron- 
nails  have  been  tried  for  the  purpose,  but  when 
driving  them  in,  the  heads  get  distorted  with 
the  hammer  unless  a  tool  specially  made  with  a 
cupped  head  to  fit  them  is  used.    And  then 
again  if  any  moisture  gets  behind  the  heads  the 
iron  soon  rusts  away  and  the  heads  fall  ott. 

The  beads  round  the  socket  of  the  pipe  are 
generally  called  "astragals"  and  are  made  in 
various  ways.  A  piece  of  i  in.,  i  in.,  or  i  in.  pipe, 
sawn  down  the  centre  is  sometimes  folded  round 
the  socket  and  soldered  with  fine  solder  ;ind 
copper  bit  or  blow-pipe.  In  most  large  plumb- 
ing shops  a  set  of  cast  iron  astragal  moulds  is 
kept  for  casting  astragals  of  various  sizes.  Fig. 
205  is  a  sketch  of  one  ol  the  most  common 


patterns,  although  a  great  many  are  used  as 
shown  by  Fig.  206.  These  astragals  are  only 
intended  as  ornaments  and  do  not  add  to  the 


strength  of  the  pipes  or  fixings.  Plumbers  will 
frequently  design  a  neat  astragal  and  cast  them 
themselves.  ,    j  • 

In  most  cases  plain  round  drawn  lead-pipes 
are  used  for  rain-water  leaders.    Some  pipe 
makers  have  dies  and  mills  for  drawing  pipes  of 
a  square  section,  but  it  any  other  design  is  re- 
quired, they  have  to  be  made  by  hand  out  ot 
sheet  lead.    In  Fig.  207  A  is  a  section  or  end 
view   of  a   round  fronted   pipe  with  a  right 
angled  back  made   to  fit  in   an    angle  of 
a  building.    B   is  a   pipe   of  a  rectangular 
section.    C  has  a  flat  back  and  round  front;  D 
is  a  rectangle,  with  rounded  corners,  and  E  is 
a   semi-octagon   in  section.    To  make  these 
pipes  it  is  always  advisable  to  have  a  wooden 
block,  a  foot  or  two  longer  than  the  pipe;  for 
folding  the  strips  of  sheet  lead  round  and  work- 
incr  up  the  arrises  to  a  straight  and  moderately 
shlrp   edge.    In    some    cases    the  plumber 
will    strike    lines    where    the    lead  should 
crease    to    form    the   angles  and   then  run 
the  point  of  a  sharp-pointed  shave  hook  over 


the  lines,  so  as  to  reduce  the  thickness  of  the 
lead  at  those  places  when  the  lead  can  be 
folded  up  straight  and  even,  and  so  that  it  is 
scarcely  necessary  to  touch  the  outside  with 
a  dresser,  thus  avoiding  making  any  tool  marks, 
which  in  the  other  cases  require   some  con- 
siderable amount  of  labour  to  work  out  again. 
The  lead  worked  on  the  mandril  is  much  the 
best,  and  makes  the  strongest  work,  but  in  the 
absence  of  a  mandril  the  latter  method  may  be 
adopted,  but  the  inner  angles  should  be  shaved 
about  k  in.  wide  on  each   side,  and  soldered 
down  with  coarse  solder,  either  by  means  ot 
a  well-tinned  and  pointed  copper  bit  or  a  blow- 
pipe,  with  gas  as  the  heating  agent,  as  shown 
bv  Fig-  4,  or  the  spirit  lamp  shown  by  iMg.  5. 
It  is  not  necessary  to  leave  a  large  amount  of 
solder  in  the  angles,  but  care  should  be  taken 
that  the  solder  flows  down  to  the  bottom  ot  the 
scoring,  and  thus  leave  the  angles  as  strong  as 
if  the  lead  had  not  been  reduced  by  the  shave- 
hook.    The  pipes  have  a  soldered  seam  on  the 
outside  at  the  back.    When  it  is  necessary  to 
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change  the  direction  of  a  down-pipe  to  avoid 
a  window,  to  pass  round  a  string  course,  or 
over  the  plinth  or  projecting  base  of  a  building 
the  pipe  has  to  be  bent.  In  the  case  of  round 
pipes  this  is  easy  to  do,  but  where  pipes  are 
used  of  the  sections  shown  by  Fig.  207,  it 
becomes  almost  a  necessity  to  cut  the  pipes, 
make  elbows  and  solder  the  mitres.  I  need 
not  dwell  upon  this,  as  the  method  was  ex- 
plained in  earlier  lectures,  and  illustrated  by 
Figs.  95  to  99.  Square  or  rectangular  pipes 
may  be  excepted  from  the  list,  as  it  is  possible 
to  make  a  bend  in  those  pipes,  as  shown  by 
Fig.  208.  For  this  purpose  it  is  best  to  use  a 
length  of  round  pipe;  make  the   bend  in  the 


ordinary  way,  and  then  raise  the  parts  intended 
for  the  external  angles  from  the  inside  by  means 
of  a  hand  dummy,  the  outer  faces  being  then 
dressed  flat  between  the  angles,  and  the  arrises 
worked  up  nice  and  true,  and  so  as  to  take  out 
all  tool  marks.  To  make  a  4  in.  square  bend, 
which  must  not  be  confused  with  an  elbow,  it 
will  be  necessary  to  use  a  5  in.  round  pipe. 
For  a  3  in.  square  pipe  a  piece  of  4  in.  round 
pipe  would  have  to  be  used.  Any  other  sizes 
the  student  can  work  out  for  himself  by  re- 
membering that  the  outside  girt  of  the  round 
pipe  must  equal  that  of  the  square  pipe  when 
made. 

Rain-water-pipes  are  frequently  made  with 
ornamental  fronts,  and  to  special  architectural 
designs.  Some  of  these  have  to  be  chased  into 
the  pattern  cut  on  a  wooden  mandril.  Where 
a  large  quantity  is  required,  it  is  best  to  have 
a  wooden  pattern  made,  with  which  make  a 
orint  in  a  bed  of  nice  clean  loamy  sand,  and 


then  cast  a  mandril  or  mould  with  "hards,"' 
which  is  composed  of  lead  and  solder,  and  is 
generally  made  by  cutting  all  the  joints  and 
solder  out  ot  the  old  lead  brought  home  from 
the  various  works.  The  lead  can  be  chased 
better  on  this  than  on  one  made  of  wood,  it 
being  heavier,  not  so  springy,  and  will  keep  the 
sharpness  of  the  pattern  or  mouldings  much 
longer.  The  moulded  fronts  of  rain-water-pipes 
are  sometimes  cast  by  the  plumber,  who  will 
make  a  print  on  his  casting  frame,  will  then 
cover  the  frame  with  lead,  and  draw  a  strike 
down  in  the  same  manner  as  when  casting  small 
sheets  of  lead.  There  are  machines  for  drawing 
sheet-lead  through  dies,  and  thus  form  certain 
shapes  in  the  same  manner  that  zinc  is  drawn  to 
form  tubes,  guttering,  &c.  In  most  of  these  cases 
it  is  necessary  to  solder  on  the  back  sides  of  the 
pipes  afterwards,  and  in  some  instances  the 
sides  are  soldered  onto  the  front  by  wiping  the 
inside  angle  down  in  the  same  manner  that  cis- 
tern bottoms  are  soldered. 

When  rain-water-pipes  are  fixed  on  an  external 
face  of  a  wall,  and  with  an  inclination,  instead 
of  being  vertical,  they  should  always  be  blocked 
out  some  little  distance.  If  this  is  not  done  dust 
and  other  matters  will  accumulate  on  the  pipe, 
or  between  the  pipe  and  the  wall,  and  afterwards 
get  washed  down  by  rain,  thus  making  a  lot  of 
unsightly,  black-looking  streaks  on  the  face  of 
the  bricks,  stones,  or  whatever  materials  the 
walls  are  constructed.  Some  architects  specify 
that  all  rain-water  leaders,  whether  lead  or  iron, 
shall  be  fixed  clear  of  house-walls  for  the  reason 
that  the  water  from  a  leaking  pipe  will  soak  into 
the  walls,  and  frequently  pass  through  them. 
When  walking  through  a  house,  it  is  not  at  all 
unusual  to  see  the  colour  taken  out  of  the  wall- 
papers, or  painted  decorations  spoilt  by  a  leak- 
ing rain-water-pipe  fixed  outside.  Even  when 
the  pipes  are  in  good  order  they  sometimes  get 
choked  with  leaves  or  birds'  nests,  with  the  re- 
sult that,  when  raining,  water  will  escape  at  the 
joints  and  stream  down  the  walls.  When  the 
pipes  are  fixed  inside  the  house  the  evil  is 
aggravated.  In  this  case  lead-pipes  are  the 
best,  and  they  should  have  soldered  joints. 
Lead-pipes,  when  fixed  outside,  last  longer  if  the 
joints  are  socketted,  and  not  soldered,  especially 
when  they  are  exposed  to  the  heat  from  the  sun, 
which  causes  them  to  expand  and  become  dis- 
torted out  of  a  straight  line. 

To  prevent  anything  getting  into  down-pipes 
to  cause  a  stoppage,  gratings  should  always  be 
fixed  over  the  inlet  ends,  but  this  will  be  referred 
to  later  on. 

When  rain-water-pipes  are  fixed  in  a  slanting 
direction,  on  a  front  of  a  house,  they  always 
look  unsightly,  and  are  liable  to  have  a  stoppage 
take  place  in  the  bends  or  elbows.  For  these 
reasons  architects  will  frequently  have  an  open 
trough  or  gutter  fixed  in  a  horizontal  direction 
to  convey  the  water  from  the  bottom  end  of 
one  pipe  to  the  top  of  another.  Fig.  209  will 
illustrate  what  is  meant.    In  some  cases  these 
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troughs  are  quite  plain,  and  are  fixed  on  a  pro- 
jecting moulding,  or  string  course,  the  whole 
width  of  the  building,  and  where  there  are 
gables  the  pipes  from  the  gutters  between  them 
will  be  made  to  discharge  into  the  trough  frotn 
which  a  pipe  is  fixed  at  some  convenient  posi- 
tion to  convey  the  water  to  the  ground  level. 
In  other  cases  these  troughs  are  made  to  an 
ornamental  design,  and  in  addition  to  the  top 
edge  being  turned  into  the  wall  for  a  fixing  and 


to  keep  rain-water  from  getting  behind;  stone 
corbels  are  built  in  the  wall  under  the  trough 
for  support,  as  shown  by  Fig.  209.  As  the  bot- 
tom of  the  trough  will  sometimes  sag  down  be- 
tween the  corbels  it  is  a  much  better  plan  to 
make  the  corbel  the  whole  length  of  the  gutter 
so  as  to  support  the  bottom  its  whole  length. 

To  return  to  gratings;  these  should  always  be 
fixed  over  the  inlets  to  rain-water-pipes, 
especially  on  slated  or  tiled  roofs.  Remnants 
of  the  material  used  on  roofs  will  frequently  be- 
come detached  and  fall  into  the  gutters.  Where 
these  materials  are  of  an  absorbent  nature,  they 
get  charged  with  moisture,  which  will,  on  be- 
coming frozen,  expand,  and  cause  pieces  to  fall 
away  °and  eventually  choke  the  down-pipe. 
Birds  will  frequently  build  their  nests  in  down- 
pipes.  Leaves  and  other  matters  will  drift  onto 
a  roof  and,  during  a  rainfall,  float  into  the  pipes, 
thus  choking  them  up. 


FIG  210. 

The  gratings  for  heads  or  open  gutters,  as 
shown  by  Fig.  209,  should  be  plain  flat  pieces 
of  perforated  sheet  metal  with  pieces  cut  out  for 
the  socket,  or  down-pipes,  to  pass  through,  in 
some  cases  these  pipes  have  been  made  to  dis- 


charge over  the  gratings,  but  this  is  not  a  good 
method.  For  gutter-gratings  it  is  a  common 
practice  to  boss  up  a  piece  of  lead  in  the  shape 
of  a  hemisphere,  or  dome,  a  trifle  larger  than 
the  socket-pipe  in  diameter,  and  then  bore  a  few 
holes  through  with  a  gimlet  or  small  augur,  as 
shown  by  Fig.  210,  the  number  and  size  of  the 


FIG  211. 

holes  having  in  the  aggregate  a  waterway  equal 
in  area  to  about  one  quarter  that  of  the  socket- 
pipe  which,  of  course,  is  a  mistake.  I"  ^^"^"^ 
cases  small  domical  wire-gratings  are  fixed  and, 
because  of  their  lightness,  have  wire  legs  niade 
to  pass  into  the  pipes  to  prevent  the  gratings 
getting  moved  out  of  their  positions.  Fig.  21 1  is 
an  illustration  of  one  of  these  gratings.  At  a 
glance  it  can  be  seen  that,  say  half-a-dozen  tree 
leaves  getting  over  these  gratings  will  entirely 
close  the  waterway  through  them. 

Where  lead  gutters  are  laid  to  discharge  into 
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cesspools  the  gratings  should  always  be  of  the 
same  size  as  the  cesspools  and  should  have  legs 
to  support  them  at  a  level  with  the  sole  of  the 
gutter,  a-,  shown  by  Fig  212,  so  that  when  walk- 
ing through  a  gutter  there  shall  be  no  pitfalls  to 
stumble  into.  By  keeping  the  gratings  level 
with  the  gutter  bottom  there  are  no  sunken 
places  left  for  leaves  and  such  matter  to  dntt 
into.  The  grating  also  acts  as  a  grid,  under 
which  snow-water  can  drain  away  when  a  thaw 
sets  in.  Straight  barred,  cast  iron  gratings  are 
better  than  those  which  have  a  woven  mesh,  and 
are  made  of  light  wroUght  iron  wiie,  both  on 
account  of  strength  and  resistance  to  galvanic 
action  between  the  lead  and  iron.  The  light 
galvanised  iron  gratings  last  but  a  very  few 
years.  The  writer  has  seen  them  quite  useless 
after  a  couple  of  years  exposure. 

Where  the  rain-water  is  not  required  to  De 
stored  for  use,  but  is  run  to  waste  into  the  sewers 
or  drains,  the  down-pipes  should  never  be  used 
as  drain  ventilators.  In  the  first  place  it  is 
difficult  to  believe,  although  some  people  hnd  it 
very  easy,  that  water  can  pass  down  a  pipe  and 
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air  can  pass  up  the  same  pipe  at  the  same  time. 
When  a  great  influx  of  water  into  the  sewers  dis- 
places the  air  in  them,  the  air  cannot  very  well 
escape  by  means  ot  the  rain-water  leaders  so 


long  as  they  are  fulfilling  their  legitimate  pur- 
pose. Another  and  grave  reason  against  con- 
necting these  pipes  directly  with  the  sewer  drains 
is,  that  cases  of  illness  have  been  attributed  to 
the  bad  air  that  escaped  out  of  them.  There  are 
very  few  houses  that  do  not  have  windows  or 
dormers  at  a  higher  level  than  the  top  ends  of 
the  rain-water-pipes.  Even  when  there  are  no 
windows,  there  are  nearly  always  spaces  in  the 
roof  through  which  smells  can  pass  and  once 
in  the  roof  the  only  protection  against  their  entry 
into  the  rooms  is  generally  a  defective,  hollow, 
lath  and  plaster  partition. 

All  rain-water-pipes  (where  the  water  is  to  run 
into  a  sewage  drain)  should  be  made  to  dis- 
charge beneath  the  grating  of  an  interceptor 
trap,  and,  if  possible,  into  a  trap  into  which  the 
waste-water  from  a  bath,  sink,  or  washhand 
basin  is  emptied,  so  that  there  shall  be  little  or 
no  risk  of  the  trap  becoming  devoid  of  water. 
Where  the  pipe  discharges  over  a  grating,  in 
very  tew  cases  will  the  water  be  found  to  pass 
directly  through  it,  on  the  contrary,  it  will  splash 
some  distance  beyond,  and  on  running  back 


provided  the  surroundings  are  paved,  and  with 
a  declination  towards  the  trap,  will  bring  with 
it  a  quantity  of  grit  and  any  light  matters  that 
will  float,  and  thus  either  silt  up  the  trap  or  clog 
the  grating  with  pieces  of  paper,  leaves,  and 
other  matters,  that,  in  spite  of  a  free  use  of  a 
broom,  are  generally  found  laying  about.  And 
then  again,  rain-water  from  a  roof  should  be 
sent  into  the  drains  in  a  good  stream,  and  not 
be  broken  up  into  mere  driulets  by  passing  it 
through  a  grating.  Rain-water  is  not,  as  a  rule, 
a  good  medium  for  flushing  drains,  that  is, 
under  ordinary  conditions,  but  it  can  be  made 
the  most  of  by  carefully  planning  the  way  it  shall 
enter  into  them.  Fig.  213  shows  one  of  the 
most  common  ways  of  fixing  a  gulley-trap  and 
rain-water  leader,  and  the  arrows  show  where 
most  of  the  water  goes.  Even  when  a 
light  shower  of  rain  is  falling,  the  water  will  re- 
bound off  the  shoe  at  the  bottom  end.  When  a 
shoe  is  not  used  the  water  will  rebound  off  the 
gulley-trap  grating  and  make  the  adjoining  wall 
quite  wet.  The  evil  is  aggravated  if  the 
grating  has  only  very  small  apertures  through 
it. 

Fig.  214  represents  the  proper  way  to  connect 
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a  rain-water-pipe  to  an  interceptor-trap;  so  that 
the  pipe  is  above  the  water-line  and  air  can  pass 
through  as  shown  by  the  arrow.  The  bottom 
of  the  pipe  is  easy  of  access,  and  the  water 
falling  down  the  pipe  will  scour  it  clean  and 
prevent  an  accumulation  of  silt,  also  help  to 
flush  the  drains. 
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IN  most  towns  rain-water  is  run  into  the  sewers 
with  the  object  of  getting  rid  of  it  in  the 
cheapest  and  quickest  manner,  and  also  for 
it  to  be  a  valuable  auxiliary  for  keep- 
ing them  clean.  These  are  open  questions  and 
may  be  looked  at  irom  different  points  of 
view.  Looking  at  it  broadly  and  to  commence 
at  the  final  disposal  ot  sewage  and  rain-water 
combined,  the  cost  is  much  more  than  if  sewage 
only  had  to  be  got  rid  of.  If  the  combination 
was  simply  run  into  a  river,  or  any  other  natural 
water  course,  it  would  not  be  a  difficult  under- 
taking; but  this  would  be  a  very  improper  thing 
to  do  as  it  would  not  be  wise  to  convert  a  natural 
water  course  into  an  open  sewer.  In  some  cases 
water  is  taken  from  a  river  or  brook  for  domestic 
uses,  and  it  is  not  at  all  pleasant  to  think  that 
this  water  may  be  charged  with  sewage.  On 
the  other  hand,  the  statement  may  be  made 
that  with  a  stream  running  at  a  fairly  good 
speed  a  small  quantity  of  sewage  does  no  harm. 
On   this   point,   it   may   be   mentioned,  that 


parts  of  London  where  this  is  of  frequent 
occurrence. 

Where  sewers  are  not  properly  ventilated,  so 
that  the  pent-up  air  can  escape,  a  sudden  inrush 
of  rain-water  will  displace  the  air  in  the  sewers 
and,  in  the  absence  of  ventilation,  force  it  up 
the  branch  drains  and  through  the  water-seal  of 
the  traps  in  or  near  to  the  houses.  Where  the 
drains  are  properly  ventilated  the  sewer  air  that 
is  forced  through  the  main  traps  will  pass  up  the 
ventilation-pipes  and  the  water  then  fall  back 
into  the  traps,  thus  rechar^mg  them  and  doing 
no  great  amount  of  harm;  but  in  the  absence  of 
proper  ventilation  to  the  drains,  the  air  can  be- 
come so  compressed  as  to  force  the  seal  of  the 
traps  to  the  various  fittings  and  thus  get  into  the 
dwelling. 

It  is  impossible  to  keep  our  streets  quite  clean. 
Scavengers  and  orderly-men  may  take  every 
pains  to  sweep  and  cart  away  all  street  refuse, 
but  the  dust  and  grit  which  result  from  the  wear 
and  tear  of  roadways  and  pavements  get  washed 


FIG  216. 


wherever  sewage  runs  into  a  water  course  con- 
taining fish,  they  will  be  found  to  congregate 
near  the  point  of  discharge  fc  the  sake  of  the 
food  they  find  there.  If  the  combined  sewage 
and  rain-tall  is  not  allowed  to  go  into  water 
streams  an  alternative  is  to  put  it  on  the  land, 
but  a  smaller  quantity  of  land  would  suffice  for 
the  purpose  if  the  rain-fall  was  kept  out  of  the 
sewers.  In  cases  where  pumping  has  to  be  re- 
sorted to,  the  cost  of  machinery  and  plant  is  in 
excess  of  what  would  be  required  if  sewage  only 
had  to  be  raised. 

Sewers  that  would  have  ample  size  for 
ordinary  requirements  have  to  be  increased  to 
an  enormous  extent  when  they  have  also  to 
receive  rain  water.  A  sewer  of  a  certain  size 
may  have  only  a  few  inches  in  depth  of  sewage 
running  through  it,  but  after  a  rain-fall,  this  same 
sewer  may  be  running  full  bore,  and  in  low- 
lying  districts  the  sewage,  &c.,  may  eventually 
flow  through  the  branch  drains  and  flood  the 
basements  of  the  houses.     There  are  several 


into  the  sewer  at  every  fal'  of  rain.  In  some 
cases  the  sewer-men  have  to  dig  out,  hoist  to 
the  surface,  and  cart  away  an  enormous  quantity 
of  silt  which  has  been  washed  into  the  sewers 
by  the  rain.  We  frequently  find  the  branch 
drains  from  street  gulleys  choked  with  sand 
washed  into  them  by  a  rain-fall. 

It  is  becoming  more  the  custom  than  it  used 
to  be  to  fix  specially  constructed  street-gullies, 
as  shown  by  Fig.  215,  with  a  deep  pocket  for  all 
solid  matters  to  lay  in,  which  can  be  readily 
scooped  out  as  occasion  requires,  and  thus  avoid 
having  the  sewers  silted  up  with  such  matters. 

Some  makers  of  sanitary  fittings  have  guUey- 
traps  with  iron  trays  in  the  bottom,  as  shown  by 
doited  lines,  the  trays  havmg  rods  and  bow 
handles  for  lifting  them  out  for  emptying. 

1  think  the  plain  trap  best  as  the  trays  some- 
times get  jammed  in  by  pieces  of  gravel  and 
such  matters  getting  round  the  edges.  Neither 
do  these  trays  receive  the  attention  they  should, 
from  the  men  who  empty  them,  with  the  result 
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that  a  layer  of  sand  gets  underneath  the  trays 
and  in  time  the  capacity  of  the  gulley-trap  be- 
comes reduced.  This  would  be  otherwise  if  all 
the  sediment  was  scooped  out  of  the  trap  before 
replacing  the  tray. 

It  is  very  rare  that  a  provision  of  this  kind  is 
made  in  houses  or  their  premises,  with  the 
result  that  it  is  ot  more  frequent  occurrence  to 
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find  the  rain-water  drains  choked  than  the 
sewage  drains.  Drains  from  garden  paths 
and  large  expanse?  of  pavement  are  generally 
found  to  be  in  a  chronic  state  of  being  stopped 
up.  These  drains  are  also  a  frequent  cause  of 
complaint,  by  reason  of  the  smells  that  escape 
from  them,  and  which  is  generally  found  to 
arise  from  the  water  having  evaporated  out  of 
the  trap,  thus  allowing  drain  air  to  pass  out- 
wards. It  should  be  a  standing  rule,  that  all 
rain-water  drains  near  houses,  should  discharge 
into  a  gulley-trap  into  which  the  waste  water 
from  a  sink,  bath,  or  similar  fitting  is  emptied. 
The  constant  use  of  such  fittings  would  prevent 
the  water-seal  of  the  trap  being  broken  by 
evaporation.  And  then  again,  all  rain-water 
branch  drains  should  be  easily  accessible  from 
either  end  so  that  there  would  be  no  difficulty  in 
removing  any  obstruction.  Fig.  216  will  explain 
this  more  clearly.  A  is  an  interceptor-trap, 
placed  to  receive  discharges  from  a  sink.  B,  a 
pocket  for  catching  silt  and  with  an  open  grat- 
ing for  receiving  ram-water  from  a  court-yard 
or  similar  place.  C,  a  similar  fitting  to  B,  but 
with  an  inlet  arm  for  receiving  a  rain-water-pipe. 
In  places  where  there  is  a  likelihood  of  these 
gratmgs  being  used  for  throwing  down  dirty 
slops,  those  ovei  B  and  C  should  be  omitted  and 
solid  covers  laid  over  the  openings.  In  these 
cases  the  pavement  should  be  laid  with  a  fall  to 
the  open  gratmg  over  A.  On  referring  to  the 
figure  It  will  be  seen  that  on  the  removal  of  the 
gratings  or  covers,  easy  access  is  had  for  passin^^ 
a  cane  or  flexible  rod  through  the  drains. 
Where  of  necessity  rain-water  drains  have  to  be 
laid  at  some  considerable  depth  beneath  the 
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surface,  it  is  advisable  that  as  much  pains  shall 
betaken  in  their  construction,  and  similar  means 
of  access  to  them  be  provided,  as  when  laying 
sewage  drains.  This  matter  will  be  referred  to 
at  a  future  time. 

With  an  ulterior  object  in  view,  I  should  like 
to  refer  again  to  the  causes  of  rain-water-pipes 
and.drains  becoming  choked.  If  we  go  onto  the 
roofs  of  an  old  house  we  generally  find  an 
accumulation  of  heterogeneous  matter,  which  is 
almost  indescribable,  but  consists  a  great  deal 
of  such  as  the  following  :  Dead  leaves,  pieces 
of  stick,  materials  for  building  birds'  nests, 
childrens'  playthings,  dead  birds,  bedroom  slops, 
old  rags,  soot,  crumbled  mortar,  matters  wafted 
lip  from  the  streets  (I  once  saw  a  lady's  veil 
lifted  by  the  wind  off  her  bonnet  in  the  street 
and  deposited  in  a  gutter),  pieces  of  slate  and 
tile,  &c.  Where  the  gutters  are  rather  hollow 
and  full  of  mud,  some  kinds  of  moss  will  grow  on 
the  accumulation  of  mud  and  decayed  matters. 
Flower-pots  are  frequently  found  in  gutters  of 
houses.  It  stands  to  reason  that  a  small  shower 
of  rain  will  wash  some  portion  of  these  things 
into  the  down-pipes  and  drains  in  such  a  way 
that  if  the  least  stoppage  occurs,  such  as  a  piece 
of  stick  acrtiss  a  pipe,  the  other  materials  will 
cling  round  it,  and  eventually  form  a  solid  plug 
which  will  prevent  the  water  running  through 
the  proper  channels.  Another  frequent  cause 
of  stoppage  in  iron  rain-water-pipes,  is  the 
scaling  of  the  rust  off  the  inside  of  them, 
which,  falling  to  the  bottom,  gets  wedged 
tighter  by  the  other  matter  falling  on  the  top. 
This,  added  to  other  details  given  in  earlier 
lectures,  and  in  "  Plumbing  Practice,"  is  a  great 
argument  in  favour  of  leaden  rain-water-pipes 
which,  when  well  made  and  properly  fixed,  will 
last  as  long  as  the  building  will  stand. 

On  opening  a  rain-water  drain,  the  scourings 
from  roofs  will  generally  be  found  to  have  caked 
together,  and  sometimes  fibrous  material  will 
help  to  so  bind  it  together  that  no  amount  of 
rainfall  will  remove  it,  and  mechanical  means 
have  to  be  resorted  to  for  removing  the  obstruc- 
tion. 

Enough  has  been  said  to  show  the  evils  of 
improperly  constructed  rain-water  drains,  and 
also  of  adopting  what  is  commonly  known  as 
the  "  combined  system  "  of  sewerage  in  which 
the  rain-water  is  discharged  into  the  sewers. 
This  latter  is  an  engineering  problem  which  is 
rather  beyond  plumbers'  work.  But  it  is 
necessary  to  have  some  knowledge  of  the 
subject,  so  as  to  be  able  to  come  to  a  sound 
conclusion  in  cases  where  the  necessity  arises, 
and  also  to  take  certain  precautions  in  towns 
where  the  combined  system  is  in  use.  It  may 
be  added  this  system  is  more  common  than  the 
"  separate  system,"  in  which  the  rain-water  and 
sewage  drains  are  quite  distinct. 
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STORING 

IN  towns  rain-water  is  sometimes  caught  in 
cisterns  and  butts,  and  used  in  the  household 
for  various  purposes.  But  it  is  so  difficult  to 
get  this  water  quite  clean,  that  is,  clear  and  free 
from  suspended  matters  in  addition  to  those 
which  are  dissolved  or  in  solution,  that  the 
practice  is  not  very  common.  At  country 
mansions  it  is  usual  to  run  all  rain-water  into  a 
large  cistern  inside  the  roof,  or  store  it  in  an 
underground  tank.  Although  the  water  which 
runs  off  country  mansion  roofs  is  much  cleaner 
than  that  caught  in  towns,  by  reason  of  the 
atmosphere  being  freer  from  soot  and  other 
impurities  floating  in  the  air,  it  is  still  very 
unsuitable  for  common  use.  For  laundry  work 
it  is  very  useful,  but  if  it  is  not  clarified  and 
all  suspended  matters  removed  it  is  sometimes 
discarded  for  a  cleaner  kind  of  water,  which  may 
not  be  so  suitable  by  reason  of  its  hardness.  A 
heavy  downfall  of  rain  will  sometimes  fill  a  tank, 
which,  although  the  water  may  be  very  dirty 
and  unsuitable  for  use,  it  would  be  thought  a 
pity  to  run  to  waste  so  that  the  tank  might 
be  cleaned  .'out,  the  result  being  that  these 
tanks  are  rarely  cleaned,  and  are  often  found 
to  be  in  a  filthy,  stinking  condition.  Where 
these  tanks  are  fitted  up  on  bedroom  floors, 
which  is  a  common  practice,  the  bad  air 
which  hovers  round  them  must  find  its  way 
into  the  bedrooms.  At  a  house  at  Chisle- 
hurst,  the  children  were  ill,  and  it  was 
suspected  that  a  very  foul  rain-water  tank 
near  the  nursery  was  the  cause. 

Where  rain-water  is  stored  in  underground 
tanks  the  evils  are  almost  as  bad  as  when  the 
tanks  are  fixed  in  the  house,  as  the  bad  air 
m  them  will  frequently  pass  through  the  rain- 
water drains  and  pipes  up  to  the  house. 
Wherever  storage, tanks  are  used,  they  should 
have  large-size  overflow-pipes  from  them. 
When  fixed  upstairs  inside  a  house  neglect  of  this 
may  lead  to  a  flooding  of  the  rooms  below. 
The  overflows  from  tanks  are  a  common  source 
of  evil,  and  one  is  continually  coming  across 
stupid  ways  in  which  they  are  arranged.  Near 
Reading,  the  other  day,  when  testing  the 
sewage  drains  with  smoke,  it  was  found  that 
the  overflow  trom  a  tank  next  to  a  young 
ladies  bedroom  was  in  direct  communication 
with  the  drains,  and  this  is  only  one  of  several 
cases  that  could  be  cited. 

Underground  rain-water  tanks  are  generally 
found  to  have  overflows  discharging  into  the 
sewage  drains.  These  tanks  have  been  found 
to  have  sewage  in  them.  It  stands  to  reason 
that  during  a  temporary  stoppage  in  the 
sewage  drains,  the  sewage  will  run  up  any 
branch  drain  and,  as  in  the  above  cases,  find 
its  way  into  the  underground  tank.  A  trap 
fixed  in  the  overflow  will  not  keep  back  sewage, 
although  it  would  to  a  certain  extent  keep  drain 
air  from  passing  into  the  tank.    But  these  traps 
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will  sometimes  get  empty  during  a  long  dry 
season,  when  the  drain  air  can  pass  through, 
into  the  tank,  and  up  the  rain-water-pipes.  This 
was  found  to  be  the  case  at  a  gentleman's  house 
at  a  south  of  England  watering-place.  Smoke 
was  driven  into  the  sewage  drains,  and  after 
passing  through  the  overflow,  the  tank,  and 
rain-water-pipes,  it  entered  a  bedroom  window 
on  the  attic  floor. 

All  overflows  should  discharge  into  the  open 
air  and  then  the  above  evils  could  not  occur. 
Another  proof  of  bad  construction  was  dis- 
covered in  Berkshire  two  or  three  weeks  ago. 
A  house  had  been  built  and  was  ready  for 
occupation,  the  sewage  drains  laid  and  con- 
nected to  the  sewers.  An  underground  tank 
constructed  with  an  overflow  discharging  into 
the  side  galley  in  the  street.  The  whole  of  the 
work  was  carried  out  by  a  builder  under  the 
supervision  of  a  clerk  of  works,  and  on  com- 
pletion it  was  thought  that  everything  should  be 
tested  by  a  sanitary  engineer.  On  propelling 
smoke  into  the  sewage  drains,  the  underground 
rain-water  tank  became  filled  with  smoke  ;  but 
how  it  became  so  was  a  mystery.  The  drains 
were  further  tested  by  attempting  to  fill  them 
with  water,  but  they  were  so  defective  that  it 
was  found  impossible  to  do  so.  On  exposing 
the  whole  of  the  drains  for  sewage  and  rain- 
water, they  were  found  to  be  so  defective — in 
some  cases  laid  in  the  same  trench — that  smoke 
passed  out  of  one  into  the  other.  The  pipes 
were  so  arranged  with  regard  to  position,  as 
well  as  being  badly  put  together,  that  there  is 
not  the  least  doubt  sewage  would  have  eventu- 
ally found  its  way  into  the  tank  in  the  same 
manner  as  the  smoke  did.  The  writer  has 
found  cases  where  waste  water  drains  have  been 
connected  with  those  leading  into  rain-water 
tanks. 

The  above  evils,  which  are  only  a  few  out  of 
several  that  could  be  given,  point  to  the 
necessity  of  always  appointing  some  competent 
person  to  arrange  and  supervise  the  carrying 
out  of  all  drainage  for  either  sewage  or  rain- 
water. Also  to  the  necessity  of  a  proper  plan 
of  drains  being  always  left  in  the  house,  with 
the  drains  marked  in  different  colours  and  an 
index  to  show  their  various  uses.  This  would 
help  to  save  any  confusion,  and  lessen  the 
liabilities  to  make  those  blunders  that  are  almost 
daily  being  discovered. 

Drains  are  frequently  found  to  have  been 
properly  laid  and  all  details  well  carried  out  ; 
but  some  time  after  their  completion  some 
Jack-of-all-trades  has  been  called  in  to  do  some 
small  matter,  perhaps  to  fix  a  wash-hand  basin, 
or  some  gardener  has  undertaken  to  fix  a  small 
fountain,  and  with  the  limited  knowledge  at 
their  command,  these  men  proceed  to  mutilate 
the  drains  and  thus  upset  or  nullify  all  the  pains 
originally  taken  in  their  arrangement. 
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TO  avoid  converting  storage-tanks  into  quasi 
cesspools,  it  becomes  a  necessity  to  remove 
all  objectionable  matters  out  of  the  rain-water 
before  being  stored.  There  are  several  ways 
for  doing  this.  If  the  necessary  attention  could 
be  given  during  a  rain-fall  this  would  be  a  very 
easy  matter  ;  but  as  rain  falls  at  all  times, 
during  the  night  time  as  well  as  the  day,  it 
would  be  a  difficult  matter  to  be  always  in 
attendance.  There  is  a  patent  apparatus  in  the 
market  (shown  by  Fig.  217),  which,  so  far  as  I 
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can  judge,  answers  the  purpose  very  well.  As 
it  is  the  first  part  of  the  rain-fall  which  floats  light 
articles  down  the  pipes,  a  grating  is  fixed  in  the 
apparatus  to  catch  them.  In  addition  to  the 
pieces  of  floating  matter  that  have  to  be 
arrested  there  is  a  certain  quantity  of  dust, 
which  is  soon  converted  into  mud  by  the  rain, 
and  which  should  not  be  allowed  to  go  into  the 


storage  tank.  The  apparatus  is  so  constructed 
that  this  muddy  water  is  allowed  to  run  to 
waste  during  the  first  part  of  the  time  rain  is 
falling.  After  a  time  the  roofs  get  washed 
clean,  to  a  certain  extent,  and  the  water  comes, 
comparatively  speaking,  quite  clean  when  the 
tumbling  chamber  cants  to  the  other  side  and 
directs  the  water  into  the  drain  leading  to  the 
storage  tank. 

There  is  no  doubt  the  apparatus  answers  its 
purpose  very  well  indeed,  and  a  little  attention 
at  times  to  remove  whatever  has  been  deposited 
on  the  grid  is  all  that  is  necessary  for  its 
efficient  working. 

If  all  rain-water  could  be  caught  in  a  large 
tank  and  time  allowed  for  suspended  matters  to 
float  or  sink,  as  the  case  may  be,  and  then  the 
clear  water  racked  off  into  the  storage  tank, 
that  would  be  all  that  was  necessary  for  ensur- 
ing a  clean  supply,  fit  for  laundry,  but  not  for 
drinking,  purposes.  But  as  this  would  require 
attention,  it  would  not  be  found  to  work  well  in 
practice. 

Filters  are  sometimes  made  for  rain-water  to 
pass  through,  and  in  which  most  of  the  im- 
purities are  left  behind.  Fig.  218  is  a  sectional 
elevation  of  one  of  the  commonest  that  is  found, 
but  they  appear  to  be  badly  constructed.  In 
the  first  place,  all  the  incoming  water  falls  onto 
the  filtering  materials.  These  are  soon  covered 
with  leaves  and  such  like  refuse,  which 
eventually  clog  up  all  the  water  passages 
through  the  filter.  A  slate  division  is  usually 
fixed  across  the  centre,  but  it  is  found  necessary 
to  pierce  holes  for  the  water  to  pass  through 
during  a  heavy  rain  fall,  in  which  case  the  filter 
is  entirely  useless,  excepting  as  a  partial  strainer. 
These  filters  have  sometimes  a  layer  of  sand  in 


the  bottom  and  coarse  gravel  on  the  top.  In 
other  cases  the  writer  has  seen  them  with  a 
body  of  gravel  and  a  floor  of  bricks  loosely  laid 
on  the  top,  so  that  leaves  and  such  matters  could 
be  swept  up  and  taken  out  with  a  shovel;  but 
all  muddy  matters  get  washed  into  the  gravel 
below  the  floor.  Rain-water  charcoal-filter 
chambers  have  been  constructed,  but  charcoal 
in  not  a  proper  material  to  use  for  this  purpose. 
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Charcoal  in  itself  hns  no  purifying  properties, 
but  as  a  medium  for  conveying  oxygen  to  the 
impurities  in  the  water  it  is  very  valuable.  As 
the  oxygen  enters  into  combination  with  the 
impurities  in  the  water,  the  charcoal  loses  its 
propeities  and  cannot  regain  them  until  it  has 
been  thoroughly  dried  and  exposed  for  the  pur- 
pose of  taking  up  more  oxygen. 

And  again,  the  charcoal  must  be  very  tightly 
packed  so  that  all  the  wrater  may  come  into 
actual  contact  with  it.  If  the  charcoal  is  too 
tightly  packed  the  water  could  not  pass  through 
the  filter  quick  enough  during  any  ordinary 
rain  fall.  Charcoal  blocks  of  a  very  large  size 
could  be  made,  but  to  keep  them  in  perfect 
order  they  should  be  taken  out  after  every  rain 
fall,  scrubbed  clean  and  thoroughly  dried,  when 
they  would  again  be  useful  for  their  intended 
purpose. 

As  a  primary  filter  a  chamber  constructed  as 
Fig.  219,  which  shows  plan  and  sectional 
elevation,  is  considered  by  the  writer  to 
answer  all  ordinary  requirements.  In  this 
chamber  all  the  incoming  water  enters  the  first 
division,  which  has  a  deep  pocket  for  mud  to 
settle  in.  A  slate  diaphragm  is  placed  as  shown 
at  A,  but  this  does  not  quite  reach  to  the 
bottom  of  the  second  division.  In  the  space 
between  the  slate  and  the  bottom  a  gfating  is 
fixed  to  keep  leaves  and  floating  matters  from 
getting  into  the  filtering  medium,  which  can  be 
either  fine  gravel  or  small  broken  flint.  By  this 
arrangement  all  mud  and  leaves  can  be  periodi- 
cally scooped  out  through  a  movable  cover 
placed  over  the  inlet  chamber.  The  size  of  the 
filter  should  be  governed  by  the  amount  of 
water  that  may  have  to  pass  through  it,  and  be 
arranged  so  that  the  incoming  water  shall  pass 
through  at  as  slow  a  rate  of  speed  as  possible, 
by  which  means  all  solid  matters  will  be  left  be- 
hind, whereas,  it  the  filter  is  made  too  small  the 
rush  of  water  will  keep  the  suspended  particles 
in  motion  and  drive  them  through. 

In  certain  parts  of  the  country  the  local  water 
is  unfit  for  domestic  purposes,  in  which  cases  it 
becomes  imperative  that  rain-water  should  be 
used.  If  this  water  is  passed  through  what  I 
have  termed  a  primary  filter,  stored  in  a  per- 
fectly clean  chamber  and  then  passed  through  a 
filter,  which  has  a  chemical  action  on  the  water, 
such  as  the  "Spongy  Iron"  filter,  it  will 
generally  be  found  fit  for  drinking.  If  there 
are  any  doubts  about  its  fitness  the  only 
further  remedy  is  to  boil  the  water  before  using. 
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Rain,  like  any  other  water  used  ior  domestic 
purposes,  should  always  be  stored  in  a  covered 
chamber  to  prevent  the  growth  of  vegetation  and 
and  also  the  development  of  living  organisms. 
Another  great  advantage  would  be  gained  if  the 
stored  water  could  be  kept  in  motion  or  means 
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devised  for  its  aeration.  The  first  could  be 
done  by  simply  fixing  a  common  jack  pump  by 
which  the  water  could  be  raised  to  a  certain 
height  and  then  allowed  to  flow  back  again  into 
the  tank;  the  second  could  be  arranged  lor  by 
using  an  air-pump,  or  a  powerful  bellows,  to 
force  air  through  a  perforated  pipe  laid  on  the 
bottom  of  the  tank  so  that  the  air  would  pass 
through  the  water,  thus  putting  it  in  motion,  and 
by  combining  with  the  carbonic  acid  in  the 
water  render  it  more  pure  and  fit  for  use. 

When  of  necessity  water  must  be  stored  in  an 
open  reservoir  it  is  considered  by  some 
engineers  to  be  an  advantage  to  stock  it  with 
fish. 


Ill 
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TRAPS  are  specially  made  water-chambers 
used  by  plumbers,  which,  while  allowing 
water  or  liquid  sewage  to  pass  through,  prevent 
the  escape  of  bad  air,  or  the  gases  which  are 
generated  by  the  decomposition  of  sewage,  out 
of  the  drains  or  pipes  used  for  the  conveying  of 
sewage  or  slop-water  from  the  house  or  build- 
ing. They  are  also  used  to  prevent  the  air  from 
sewers  passing  into  the  house  drains  and  other 
purposes  to  which  we  shall  refer  at  a  future 
time.  Not  only  bad  air  but  certain  disease 
germs  can  pass  from  sewers  through  untrapped 
drains.  We  are  told  by  eminent  men  that 
nearly  all  sewers  contain  the  germs  of  con- 
tagious diseases  which  pass  into  the  sewers 
from  people  who  are  suffering  from  those  com- 
plaints. We  are  also  told  that  these  germs  can 
and  do  pass  through  traps,  but  a  certain  time  is 
required  for  this  to  take  place.  In  a  house  that 
is  occupied  by  people,  water  is  being  so  con- 
stantly sent  through  the  drains  that  the  water 
in  the  traps  is  frequently  changed,  so  that  should 
any  germs  be  in  the  act  of  passing  through  they 
get  washed  away  by  the  current.  For  this  to 
take  place,  the  traps  must  not  be  too  large,  but 
of  such  a  size  that  ordinary  discharges  will 
entirely  displace  the  contents  of  the  traps  and 
'.eave  sufficient  water  behind  to  charge  them 
again.  I  do  not  wish  to  convey  to  you  that 
these  germs  walk  or  swim  through  the  water. 
If  the  traps  are  charged  with  sewage  and 
animal  matters  and  a  typhoid  germ,  for  instance, 
should  get  into  those  matters,  the  germ  would 
be  under  favourable  conditions  for  multi- 
plying, so  that  given  sufficient  time  the  trap 
may  become  full  of  typhoid  germs  both  in  the 
house  as  well  as  the  sewer  end.  So  you  see  the 
necessity  of  having  the  traps  small  and  also  of 
frequently  changing  the  water  in  them.  Other 
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reasons  showing  the  advantages  of  small  traps 
will  be  given  further  on. 

We  will  now  proceed  to  consider  the  various 
kinds  of  traps  that  are  used  and  take  them  in 
order  beginning  with  those  fixed  to  cut  ofif 
direct  communication  between  the  sewer  and 
the  bouse  drain.   One  of  the  earliest  kinds  used 


for  this  purpose  is  shown  by  Fig.  220,  and  con- 
sists of  a  brick  built  chamber  with  a  stone  fixed 
across  the  centre,  the  bottom  edge  of  the  stone 
being  some  few  inches  below  the  water  retained 
in  the  body  of  trap.    The  sizes  of  these  traps 
vary  according  to  the  whim  of  the  man  who 
makes  them  ;  sometimes  being  2  ft.  long  by  i  ft. 
broad,  and  sometimes  5  ft.  long  by  2  to  3  ft. 
wide.    At  a  house  in  South  Kensington  one 
was  found  which  was  the  above  size  and  5  ft. 
deep.    The  dipstone  dipped  into  the  water 
about  2  ft.    On  opening  the  trap  the  stench 
that  escaped  was  quite  as  bad  as  if  from  an  old 
cesspool.    It  was  also  found  to  be  acting  as  a 
very   good   sewage   separator,   all   the  solid 
matters  being  retained  and  the  liquids  only 
passing  away.    The  house  had  been  built  only 
about  twenty  years,  and  from  the  appearance 
of  the  trap  one  was  led  to  suppose  that  all  the 
solids  fiom  the  W.C.'s  had  been  accumulating  in 
the  trap  tor  the  whole  of  that  time,  excepting 
those   portions   which    had    become  decom- 
posed,  mixed   with   the    water   and  carried 
through  with  the  current.     In  the  centre  of 
a  childrens'  playground  I  found  one  of  these 
traps  which  had  leaked  all  the  water  through 
the  bottom,  thus  allowing  drain-air  to  pass 
outwards  for  the  children  to  inhale.    In  Chel- 
sea,  when    inspecting  a  new  house  for  a 
purchaser,  a  dipstone-trap  was  found,  and  the 
fingers  could  be  passed  between  the  dipstone 
and  coverstone,  as  shown  by  the  arrow  Fig.  220. 
This  trap  was  perfectly  useless  for  keeping 
drain-air  from  passing.    A  smoke  test  applied 
to   drains   which   are  trapped  by  the  above 
means   frequently   betrays  defects  round  the 
coverstone.    These  stones  have  frequently  to  be 
taken  oft,  for  removing  the  solid  matters  that 
invariably  accumulate  in  the  traps,  and  do  not 
get  properly  bedded  down  quite  air-tight  after- 
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wards.  In  spite  of  the  progress  of  sanitary 
knowledge  there  are  people  who  still  believe  in 
these  traps,  and  at  the  present  time  tnere  are 
new  houses  where  they  are  being  made,  in 
one  of  them  the  writer  was  called  all  sorts  01 
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\\ard  names  and  roundly  abused  for  his  fids, ' 
because  he  sut^gested  a  better  kind  of  trap.  For 
fever  breeding  it  is  difficult  to  imagine  anything 
more  favourable.  . 

Another  kind  of  brick-built  trap  is  shown  by 
Fig  --21,  and  is  held  in  high  estimation  by  a 
certain  class  of  people.  These  traps  are  alvvays 
becoming  choked  by  solid  matters  which  float 
on  the  surface  ot  the  water  at  A,  until  by  their 
weight  they  sink  below  the  water  and  float  in  a 
body  into  the  dip-pipe,  thus  choking  it.  At  a 
house  in  a  London  suburb  several  of  these  traps 
were  found.  In  each  case  the  covers  tones  were 
left  loose  so  that  the  gardener  could  scoop  out 
the  solids  whenever  a  stoppage  occurred. 
Further  remarks  on  this  trap  are  unnecessary. 

At  the  time  when  brick-drains  began  to  be 
disused  and  pipe-drains  introduced,  other,  and 
better  kinds  of  traps  were  invented.     One  of 
the  first  was  of  the  shape  shown  by  Fig.  222, on 
looking  at  which,  it  will  be  seen  how  much 
superior  it  is  to  the  old-fashioned  brick-built 
trap.    Ordinary  builders  fix  large  numbers  of 
these  traps,  but  no  sanitary  engineer  of  repute 
ever  uses  them  now  for  the  following  reasons  : 
In  the  absence  of  a  base  to  them  they  rarely 
get  fixed  properly;  sometimes  the  outlet  is  fixed 
too  low  so  that  the  water  in  the  body  does  not 
reach  up  to  the  throat  so  as  to  form  a  dip.  The 
writer  has  discovered  this  by  means  of  a  smoke 
test,  the  smoke  passing  through  the  trap.  In 
other  cases  he  has  found  them  tilted  the  other 
way,  with  the  result  that  too  much  dip  has  been 
o-ive'n  the  trap,  so  that  solids  and  fiecal  matters 
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have  accumulated  to  such  an  extent  on  the  in- 
let side  that  a  blockage  has  occurred.  In  ttiis 
kind  of  trap  paper  and  faeces  will  float  at  B,  any 
water  coming  down  the  drain  pass;ng  beneath 
it  until  the  accumulation  is  so  large  as  to  sink 
below  the  dip  and  get  jammed  in  the  body  ot 

the  trap.  ,  ,  .  j 

The  pipe  in  the  centre  of  the  trap,  miscalled 
an    inspection-pipe,   is  perfectly  useless  for 
either  inspection,  cleansing,  or  any  other  pur- 
pose.   On  opening  this  pipe  it  will  generally  be 
found  to  be  choked  with  floating  matters  At 
a  house  in  St.  John's  Wood  the  writer  bad  one 
of  these  pipes  opened,  and  on  holding  a  light 
near  it  to  make  an   examination   a  violent 
explosion  of  the  gases  inside  took  place  which 
alarmed  all  who  were  near.      This  incident 
proving  the  pipe  to  be   worse  than  useless. 
Amateur  sanitary  engineers  have  had  pipes 
fixed  from  the  centre  of  the  trap  to  the  roof  of 
xhn  house  to  ventilate  (?)  the  drains.    In  one 


case  a  pipe  and  air  inlet-valve  had  been  fixed 
for  the  same  purpose,  but  how  they  were  going 
to  get  air  through  the  water  in  the  trap  is  a 
mystery  that  I  cannot  solve.    Another  objection 
to  this  kind  of  trap  is  its  capacity.    A  6  in. 
trap    will    hold    nearly    3  gals,    of  water. 
Assuming    that    only     ordinary  discharges 
of  water   are    passing    through     the  trap, 
the  contents  will  be  stirred  up,  instead  of  being 
entirely  displaced.     Whenever  you  have  an 
opportunity  for  doing  so,  throw  a   piece  of 
crumpled  up  paper  into  the  trap  and  watch  how 
long  it  will  stay  there,  in  spite  of  any  water  dis- 
charges that  may  be  sent  through  the  drains. 
It  may  be  added  this  is  a  very  good  test,  and 
there  are  very  few  drain-tiaps  made  through 
which  a  piece    of  paper  can  be  driven  by 
ordinary  discharges.    Fig.  223  is  another  kind 
of  trap  which  is  often  used  for  disconnecting 
house  drains  from  sewers.    This  trap  is  not  to 
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be  recommended  on  account  of  its  capacity 
which  prevents  it  being  thoroughly  cleansed, 
and  the  contents  entirely  changed  by  ordinary 
water  discharges  through  it.  In  the  absence  of 
abase,  or  foot,  it  is  sometimes  found  to  be 
improperly  fixed  in  the  same  manner  as  de- 
scribed for  Fig.  222.  It  is  very  rarely  that 
stoppers  are  sent  out  with  the  trap  by  the 
makers,  for  fixing  in  the  ends  at  C  and  D  I 
think  it  necessary  to  mention  this  as  I  have 
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found  these  traps  fixed  in  manholes  and  the 
ends  left  open.  In  these  cases,  sewer  air  can 
pass  out  of  the  open  end  at  D  and  enter  at  ^, 
so  that  the  traps  have  been  entirely  useless  tor 

Some' few 'years  ago,  an  invproved  kiod  of 
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trap  was  introduced,  the  shape  being  as  shown 
by  Fig.  224.  This  trap  is  a  great  improvement 
on  the  others  that  have  been  described,  in  that 
it  holds  a  considerably  less  amount  of  sewage 
and  is  much  better  flushed  by  ordinary  water 
discharges.  The  opening  at  E  can  be  used 
either  for  cleansing  purposes  or  for  admission 
of  air  to  the  drains  for  their  ventilation.  This 
trap  has  no  base.  The  inlet  and  outlet  ends 
being  at  the  same  level  prevents  it  being  so  well 
scoured  by  water  flushes,  as  others,  which  will 
be  described  later  on,  and  which  have  smaller 
capacity  in  the  body  of  the  trap. 

Figs.  225  and  226  are  two  other  drain-traps, 
used  for  the  same  purpose  as  those  that  have 
been  described.    The  raking  inlets  are  claimed 


as  being  advantageous,  and  no  doubt  are  so, 
when  large  quantities  of  sewage  are  being  sent 
through,  as  the  current  has  not  to  pass  round 
such  sudden  turns,  as  in  some  of  the  other 
traps.  Every  turn  or  bend  in  a  pipe  forms  a 
check  to  the  velocity  of  flow  of  the  water  pass- 
ing through,  so  the  easier  the  bends,  that  is  those 
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made  to  a  large  radius,  the  more  water  will  pass 
through  in  a  given  time.  But  when  small  quan- 
tities of  sewage  pass  through  traps  of  the  above 
form  they  will  not  displace  floating  matters  on 
the  surface  of  the  water  on  the  inlet  sides  of  the 
traps,  as  described  for  Fig.  222.  It  will  be 
noticed  that  the  above  traps  have  no  bases, 
which  is  a  disadvantage,  especially  when  they 
are  being  fixed  by  careless  workmen. 

Fig.  227  is  spoken  of  as  being  a  very  good 
trap,  by  reason  of  its  holding,  comparatively 
speaking,  a  small  quantity  of  water.  The  inlet 
end  of  the  trap  is  a  considerable  height  above 
the  water  in  the  body,  so  that  the  current  of 
sewage  or  water  will  fall  onto  any  floating 
matter,  immersing  it  and  thus  driving  it  through 
the  trap.    This  trao  has  no  base,  and  no  doubt 


would  get  very  foul  in  the  part  F.  Traps  should 
never  have  any  parts  or  corners  that  cannot  be 
kept  clean  by  the  scour  of  the  water  that  passes 
through  them. 

When  selecting  a  trap  for  fixing  in  a  main 
dtain  so  as  to  cut  off  direct  communication  be- 
tween any  common  sewer  or  a  cesspool,  the  fol- 
lowing points  should  be  taken  into  consideration. 
The  trap  should  have  a  base  or  foot,  so  as  to 
minimise  the  risk  of  a  careless  workman  fixing 
it  out  of  level.  The  evils  of  this  have  been 
mentioned.    The  trap  should  not  have  corners. 


FIG  227 

where  an  accumulation  of  solid  sewage  and  fatty 
matters  can  take  place,  but  one  should  be  chosen 
which  has  the  whole  of  the  internal  surface  exposed 
to  the  friction  of  passing  water  or  liquid  sewage. 
The  trap  should  be  as  small  as  possible,  con- 
sistent with  the  duty  it  has  to  perform,  so  that  a 
less  internal  surface  has  to  be  kept  clean  and  a 
lesser  quantity  of  water  displaced  for  changing 
the  contents  than  with  larger  traps.  The  inlet 
to  the  trap  should  be  higher  than  the  outlet  for 
reasons  that  have  been  given.  The  dip,  or 
water  seal,  should  not  be  less  than  3  in., 
especially  if,  when  ventilating  the  drains,  an  air 
current  is  made  to  pass  over  the  water  in  the 
trap  and  carry  a  part  away  by  evaporation. 
This  applies  more  especially  to  houses  that  are 
only  occupied  a  portion  of  the  year.  . 

With  these  rules  before  us,  we  will  refer  to 
Fig.  228,  which  has  most  of  the  necessary  advan- 
tages that  have  been  mentioned.    This  trap  has 
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a  long  raking  outgo  which  could  be  made  shorter 
and  thus  reduce  the  internal  surface,  and  also 
the  quantity  of  water  it  will  hold.  On  speaking 
to  the  patentee  on  this  matter  he  explained  as  his 
reason  for  having  the  long  outgo,  that  it  would 
prevent  rats  passing  through;  he  said  "rats  will 
dive  through  the  water  of  a  trap,  but  wo^ld  not 
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walk  through."  I  have  known  rats  to  pass 
through  the  water  in  a  trap,  but  if  this  particular 
form  will  prevent  them  1  am  not  prepared  to 
state  with  any  authority. 

Fig.  229  is  considered  to  have  an  improved 
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arrangement  in  the  projecting  lip  at  G,  which 
conveys  incoming  sewage  to  the  centre  of  the 
trap,  and  thus  falls  onto  any  light  matters  which 
may  be  floating,  and  drives  them  through  the 

^^^F\s.  230  is  another  trap  invented  by  a  man 
who  has  given  a  great  deal  of  thought  and 
written  a  great  deal  on  sanitary  questions. 
This  trap  is  preferred  to  others  by  a  great  many 
engineers,  and  was  one  of  the  first  made  with 
what  is  now  considered  to  be  necessary  im- 
provements on  the  old  kinds  of  traps. 


FIG  230. 

Fig.  231  is  another  kind  of  trap  invented  by 
one  of  our  leading  sanitary  engineers,  which  has 
all  the  essential  points  requisite  to  constitute  a 
good  form  of  trap.  This  trap  has  an  advantage 
over  some  of  those  that  have  been  described,  in 


FIG  221 

that  the  body  of  the  trap  is  smaller  than  the  in- 
let and  outlet,  so  that  when  water  is  passing 
through  the  reduced  passage  it  travels  at  a 


higher  rate  of  speed,  and  thus  exercises  a  greater 
cleansing  or  scouring  force  on  the  internal  sur- 
faces, and  literally  pushes  the  contents  through 
into  the  drain. 

Some  of  the  traps  that  have  been  described  are 
at  times  fixed  a  considerable  distance  beneath 
the  surface  and  pipes  from  the  top  of  the  trap 
to  the  ground  level,  as  shown  by  Fig,  232.  These 


pipes  are  for  access  lor  removing  any  obstacle 
that  may  get  into  the  trap  either  by  Arcing  it 
through  with  a  plunger  or  pulling  it  up  with  a 
worm   screw   on   the  end  of  common  dram 
cleansing  rods.    Another  use  for  the  pipe  shaft 
is  for  air  to  pass   into  the  drains  for  their 
ventilation  ;  an  open  grating  being  fi^ed  the 
ground  level  as  shown  at  A.    W  here  the  open- 
ing is  in  an  unsuitable  position,  or  near  any 
windows,  an  air-tight  stopper  or  cover-plate  s 
fixed,  instead  of  the  grating,  to  prevent  air  pass- 
fng  outwards  from  the  drains  when  discharges 
arl  being  sent  through.     In  these  case  a 
branch  drain  is  laid  in,  as  shown  by  dotted  lines 
at  B,  to  some  less  objectionable  position  or  for 
a  mica  valve  to  be  fixed  so  that  air  can  pass 
fnwa^ds  but  not  outwards.    The  mica  valve 
whtch  will  be  dealt  with  at  a  future  Ume 
should  not  be  fixed  over  the  pipe  shaft  as  it 
would  then  be  useless  as  an  access-pipe. 

The  pipe  shaft  is  only  fixed  P'^"^  j'^^'S 
economy  has  to  be  practised.  Where  not  t^ed 
by  this  consideration,  sanitary  engineers  have 
a^"  manhole"  or  "access  chamber"  bmlt  round 
or  over  the  trap,  not  only  for  getting  at  the  trap 
for  any  purpise  but  also  for  examining  or 
deansing^he  drains.    This  cannot  easily  be 
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done  with  some  k"nds  of  traps,  but  others 
of  a  special  construction  have  to  be  used. 
Some  of  the  traps  that  have  been  de- 
scribed, notably  Figs.  224  to  231,  can  have 
channel  or  U-shaped  pipes  fixed  to  the  inlet 
ends  of  the  traps,  and  thus  partly  meet  the  re- 
quirements of  the  cases.  Nearly  all  makers  of 
sanitary  gooi  s  have  these  channels.  There  are 
several  patent  traps  with  channel  inlets,  in  the 
market,  made  lor  fixing  in  manholes  to  cut  off 
direct  communication  between  house  drains  and 
sewers.  One  that  is  thought  well  of  is  shown 
by  Fig.  233.  In  this  trap  the  water  way  through 


FIG  233. 

the  waist  is  considerably  smaller  than  the  inlet 
and  outlet  ends.     Fig.  234  is  another  trap 
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made  on  the  same  lines  as  the  last,  excepting 
that  it  has  a  3  in.  vertical  drop  from 
the  inlet  drain  to  the  surface  of  the 
water  in  the  trap.  It  also  has  the 
advantage  of  a  foot  or  base.  I  consider 
these  traps  could  be  improved  by  making  the 
:hannel-pipes  much  deeper,  so  that  the  sewage 
flows  through  the  channel  instead  of  spreading 
over  the  floors  of  the  man-holes,  which  is  often 


FIG  235. 


A 

found  to  be  the  case,  excepting  where  they 
have  been  made  deeper  by  building  brick  sides 
to  them. 

Air-tight  stoppers  are  fixed  at  C  C  in  the  last 
wo  figures.    On  removing  these  stoppers  rods 


can  be  passed  through  for  removing  any  ob- 
struction, or  cleansing  that  portion  of  the  drain 
leading  to  the  sewer.  Although  convenient  when 
necessary  these  stoppers  are  rarely  wanted,  as 
anything  that  passes  through  the  trap  will  float 
away  into  the  sewer.  At  all  events,  I  have  never 
found  it  necessary  to  make  use  of  them  except- 
ing for  cleansing  purposes.  The  advantages  of 
contracting  the  water  way  through  a  trap  have 
been  pointed  out.  There  is  one  patent  trap 
to  which  this  point  is  carried  to  a  further  ex- 
tent than  any  we  have  referred  to.  This  trap 
is  shown  by  Fig.  235,  the  small  drawing  D  being 
a  section  across  X  Y.  The  inlet  of  the  trap  is 
made  rather  larger  to  allow  for  water  to  accumu- 
late, and  thus  get  a  head  so  as  to  accelerate  the 
speed  through  the  trap.  This  trap  has  no  base  or 
cleansing-pipe  on  the  outlet. 

Fig  236  is  another  patent  trap  different  to 
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FIG  236. 

any  of  those  that  have  been  described  in  that 
the  channel-pipe  has  shelving  sides,  which  form 
the  floor  of  the  manhole.  Several  engineers 
like  this  trap  and  channel,  but  objections  have 
been  taken  to  the  position  of  the  trap,  which 
cannot  be  got  at  for  removing  an  obstruction 
unless  the  workman  lays  down  in  the  manhole 
tor  passing  his  hand  into  it.  The  channel  is 
also  very  shallow. 

Fig.  237  shows  a  very  good  trap,  which  has 


all  the  advantages  of  others  that  have  been 
described,  and  the  further  one  of  having  a  deep 
channel  inlet-pipe. 

Fig.  238  is  another  main  drain  trap,  the 
special  advantages  claimed  for  it  being  the  gun 
metal  valve  atE,  which  can  be  removed  should 
the  trap  become  choked  and  the  manhole  filled 
with  sewage,  for  the  accumulation  to  flow  away 
into  the  sewer  and  enable  the  workmen  to  get 
to  the  trap  for  removing  the  cause  of  stoppage, 
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and  also  the  shape  of  the  trap  which  is  reduced 
in  size  in  the  waist,  and  made  oval  in  section 

at  that  part.  -u  j  u 

All  the  traps  that  have  been  described  have 
special  features,  and  have  been  selected  from  a 
lono-  list  because  of  their  various  advantages, 
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and  to  enable  me  to  point  out  to  you  the  details 
that  have  to  be  considered  either  in  the  con- 
struction or  selection  of  those  for  fixing  for  the 
purpose  of  trapping  main  drains.  I  wish  it  to  be 
understood  that  I  am  not  telling  you  to  use  one 
of  those  that  have  been  referred  to  because 
there  are  others  that  have  similar  good  points, 
but  to  illustrate  them  would  not  answer  any 
good  purpose  or  help  you  further  in  the  task  of 
forming  a  good  judgment  on  their  various 
advantages. 

At  a  future  time,  when  we  come  to  the  subject 
of  sanitary  plumbing,  we  shall  return  to  these 
later  kinds  of  traps  and  describe  how  they  are 
fitted  up  in  manholes.  For  the  present  we  will 
confine  ourselves  to  traps,  and  now  proceed  to 
describe  those  that  are  fixed  for  the  purpose  of 
keeping  sewage  from  flowing  from  the  sewers 
into  the  house  drains.  One  of  the  commonest 
is  known  as  the  "valve  trap,"  sometimes  a 
"  tiue  flau,"  and  is  of  the  shape  shown  by  Fig. 
239.  These  flaps  are  generally  fixed  on  the  end 


FIG  239 

of  the  drain  at  its  connection  with  the  sewer. 
For  the  purpose  of  keeping  sewer  air  out  ol  tne 
drains  they  are  useless.  Although  the  end  o| 
the  pipe  is  ground  to  a  smooth  surface,  tor  tl  e 
flap  to  fit  against,  in  practice  they  are  rarely 
found,  when  in  use,  to  be  closed.  I 'eces  of 
paper,  solid  sewage  and  other  matters  that  pass 
Through  the  drains  get  behind  the  valve  and 
hold  it  partly  open.  Where  the  drams  have  a 
sluggish  fall  and  do  not  get  properly  flushed, 
these  flaps  prevent  the  solids  passing  away,  and 
may  be  said  to  do  more  harm  than  good.  When 


these  valves  are  held  open,  in  the  manner 

described,  and  the  sewers  become  gorged  with 
sewa:?e,  they  will  not  prevent  a  back  flow  up  the 
house  drains,  in  which  case  they  are  perfectly 
useless.  "Where  the  house  drains  have  a  fairly 
crood  fall  and  all  the  solid  sewage  is  washed 
away  by  good  water  flushes  they  may  at  times 
be  used;  but,  from  experience,  drains  are 
better  without  them.  An  improved  kind  is 
shown  by  Fig.  240.    In  this  fitting  the  valve  is 
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suspended  on  a  kind  of  hinge  instead  of  on 
links  as  shown  by  Fig.  239.    The  flap  is  not 
hinged  to  rest  on  an  inclined  surface  as  in  the 
first  one,  but  is  suspended  nearly  vertically  ; 
but  so  that  the  valve  shall  rest  against  the  end 
of  the  drain  block  a  heavy  knob  is  fixed  at  F,  so 
as  to  balance  the  valve  in  such  a  manner  thai 
the  least  pressure  behind  will  open  it  and  allow 
all  matters  to  pass.    Although  an  improvement 
on  Fig.  239,  it  is  not  to  be  trusted  to  act  as  a 
prevenior  of  any  back  flow  of  sewage  from  the 
sewers.    These  valves  are  considered  as  being 
of  use  for  keeping  rats  from  passing  out  of  the 
sewers  into  the  house  drains,  but  peoples 
opinions  vary  verv  much  on  this  point,  Jt  has 
been  stated  that  rats  can  get  their  paws  behind 
the  flaps  and  open  them,  so   that  an  easy 
passage  can  be  had.    To  do  this  the  rats  must 
have  somewhere  to  stand  upon,  and  as  the  flaps 
are  generally  fixed  some  height  above  the 
bottom  of  the  sewer  the  rats  would  have  some 
little  difficulty  in  attaining  their  object.  Where 
the  house  drains  enter  the  sewers  near  the 
bottom  they  would  have  less  trouble.   1  can  say 
this,  that  1  have  seen  rats  sitting  on  projections 
in  sewer  walls  on  their  hind  legs  cleaning  their 
faces  and  in  the  distance  looking  like  httle 
images  fixed  on  the  walls.    Rats  as  a  rule  get  a 
large  amount  of  abuse,  but  we  might  plead  on 
their  behalf  that  they  get  rid  of  a  lot  of  gaibage 
which  would  otherwise  decompose  and  add  to 
the  already  large  amount  of  noxious  gases  that 
accumulate  in  sewers. 

An  improved  valve  for  keeping  sewage  out  of 
the  house  drains  is  shown  in  section  by  Fig.  241. 
In  this  fitting  the  ball  lays  at  G  when  things  are 
following  their  usual  course.  Should  the  sewers 
become  filled  above  their  ordinary  condition  by 
storm  water,  or  in  places  affected  by  tides,  the 
ball  will  float  to  H,  and  if  the  water  in  the  sewers 
continues  the  rise  the  ball  will  float  to  I,  an.. 
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covering  the  outlet  end  of  the  house  drain  pre- 
vent sewage  flowing  back  into  it. 


FIG  24L 

Fig.  242  is  another  Itind  of  valve  invented 
for  the  special  purpose  of  fixing  in  low  lying 
districts  and  places  where  flooding  of  house 
basements  takes  place  either  by  rising  tides  or 
during  a  rainfall,  causing  the  sewers  to  become 
overcharged.    In  this  fitting  a  copper  ball  is 
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attached  to  a  spindle  suspended  from  the  top 
by  a  kind  of  rule  joint.  The  joint  being  so 
made  that  the  ball  can  only  fioat  in  one  direc- 
tion. The  ball  is  shown  in  the  position  it  occu- 
pies when  under  ordinary  conditions;  should 
the  sewage  begin  to  flow  backwards  the  ball 
floats  and  is  guided  by  the  spindle  to  the  open- 
ing over  the  inlet-pipe,  as  shown  by  dotted  lines, 
which  it  effectually  closes.  An  advantage 
claimed  for  this  tide  valve,  is,  that  paper  and 
such  matters  do  not  get  onto  the  ball  but  flow 
away  underneath  it.  If  the  ball  got  clogged 
with  anything  it  would  not  fit  the  end  of  the 
entering-pipe,  and  would  thus  become  useless 
for  its  purpose.  That  appears  to  be  an  unlikely 
event  in  this  fitting. 


I  once  saw  a  combined  trap  and  tide  valve  as 
shown  by  Fig.  243.  In  this  trap,  which  is  very 
much  like  Fig.  222,  excepting  that  the  centre 
chamber  is  very  much  larger,  a  floating  ball  with 
guide  pieces  is  fixed  so  that  it  can  slide  up  and 
down  in  the  centre  chamber.  A  valve  is 
attached  to  the  float  by  means  of  a  connecting 
piece,  the  valve  when  down  fitting  over  the 
entrance  to  the  trap  but  beneath  the  water  in  it. 
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Sewage  entering  the  trap  pushes  the  valve  open 
but  a  back  pressure  causes  the  valve  to  fit  tightly 
onto  its  seating,  I  have  not  had  an  opportunity 
for  seeing  this  trap  in  use,  but  from  its  appear- 
ance and  shape,  have  grave  doubts  as  to  its  act- 
ing properly  and  cannot  but  think  the  working 
parts  must  get  clogged  with  paper  and  other 
matters.  The  shape  of  the  trap  is  no 
good,  for  reasons  given  when  speaking  of 
Fig.  222. 

Gu//y  and  Interceptor  Traps. 

Gully-traps  are  those  traps  that  are  fixed 
in  street  gullies  or  gutters  for  receiving  any 
water  that  may  fall  on  the  streets  or  pavements. 
The  best  traps  for  this  purpose  have  been  re- 
ferred to  in  a  previous  lecture,  and  are  con- 
structed on  the  principles  of  that  shown  by  Fig. 
215.  Some  people  prefer  those  shown  by  Figs. 
220  and  221,  and  although,  when  properly  con- 
structed, they  may  answer  their  intended  pur- 
pose fairly  well,  they  are  not  nearly  so  good  as 
the  first  one  described,  which  is  made  of  vitri- 
fied stoneware,  and  being  in  one  piece,  less 
liable  for  the  water  to  leak  out  of  them.  It  is 
not  at  all  uncommon  to  find  the  water  in  brick- 
built  traps  leak  through  the  walls  of  cellars 
under  the  side  walks  of  houses  in  towns. 

Sometimes  gully-traps  are  fixed  near  houses 
for  receiving  rain-water  from  the  roofs,  yards, 
&c.,  and  also  the  discharges  from  baths,  sinks, 
wash-hand-basins,  &c.  When  fixed  for  the 
latter  purpose  they  are  called  by  some  engineers 
"  Interceptor  "-traps,  and  are  intended  to  inter- 
rupt the  communication  between  the  waste- 
pipes  and  the  sewage  drains  in  such  a  way  that 
bad  air  cannot  pass  from  the  drains  through  the 
waste-pipes  into  the  house.  We  will  leave  the 
arguments  for  this  system  of  carrying  out  work 
until  we  come  to  sanitary  plumbing,  and  for  the 
present  confine  ourselves  to  the  description  of 
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the  traps  used  for  the  purpose  of  inteicept.ng 
waste-pipes  from  the  sewage  drains. 

None  of  the  traps  that  we  have  hitherto 
menUoned  are  suitable  for  the  P"^"^^. -'^""f^ 
Fi-s  215,  220,  and  221  are  often  found  fixed  for 
intercepting  waste  pipes.    For  this  par  icular 
purpose  they  become  very  objectionable  by 
Feason  ofthe  large  quantity  of  water  they  con- 
afn     The  water  that  passes  through  ordinary 
wis  e-pipes  does  not,  as  a    rule,  smell  very 
offensive,  but  when  it  has  been  stored  for  some 
little  tim^  in  any  vessel,  it  gives  off  unpleasant 
odours  more  especially  when  it  is  being  con- 
dnua  Wsti.red  up  by  fresh  discharges  of  slops 
or  dirty  water  into  the  trap    Where  the  trap  is 
so  large  that  ordinary  sink  discharges  do  not 
thoroughly  flush  it  and  change  the  contents,  the 
trap  in  itself  becomes  a  nuisance,  and  may  be 
compared  to  a  small  cesspool.    This  is  tr„- 
quently  lost  sight  of,  and  large  traps  are  some- 
?imes  fixed  with  the  idea  that  they  will  keep 
back  drain  air  and  also  catch  sand  and  other 
IT  liters  better  than  a  smaller  trap.    It  is  not 
The  she  of  the  trap  so  much  as  the  "dip"  u  has 
that  keeps  back  sewer  air,  and  excepting  in 
special  cases  sand  and  other  matters  do  not  re- 
quire to  be  caught,  but  should  be  washed  away 
into  the  sewer.    It  is  not  at  all  iiecessary  to 
either  strain  or  filter  the  sewage  as  it  leaves  the 
house.    In  towns  that  are  sewered,  the  water 
is  used  as  the  power  for  removing  certain  ob- 
jectionable matters,  and  the  proper  arrange- 
ments should  be  made  so  that  that  power  is  not 
wasted  or  anything  done  to  detract  from  its  use^ 
dness.     Hence  the  reason   for  small-sued 
traps.    In  addition  to  the  size  of  the  traps  their 
shape  is  of  great  importance.    We  will  dwell 
upon  a  few  that  we  often  meet  with  in  practice. 
Fi-  244  is  a  section  of  one  that  holds  a  larger 
quantity  of  water  than  is  necessary,  and  has 
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several  corners  that  can  neither  be  reached  for 
cleansing  or  kept  clean  by  any  ordinary  water 
discharges,  so  as  to  render  it  unsuitable  for  hx- 
ing  anywhere  near  a  house.    .      ,  , 

Fie  245  is  another  trap,  although  spoken  well 
of  by  some  authorities  cannot  be  said  to  be  a 
trap  that  would  be  kept  cleain  by  ordinary  water 
currents  through  it.  No  doubt  if  f-ed  m  some 
positions  it  would  act  to  a  certain  extent  as  a 
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grease  interceptor,  but  would  be  an  evil  in  itself 
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if  fixed  where  only  very  small  quantities  of  dirty 
water  were  sent  into  it.  ,   .      j  r 

Fig.  246  is  a  trap  that,  although  designed  for 
receiving  waste-water  discharges,  is  very  unsuit- 
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able  for  the  purpose,  and  cannot  be  properjy 
flushed.  This  trap  has  been  seen  fixed  at  the 
bottom  of  a  vertical  stack  of  soil-pipe,  arid  had 
to  beTernoved  because  of  its  being  continually 
choked  with  W.C.  matters,  thus  illustrating  Us 
had  form  of  construction. 

SomTvears  ago  the  doctrine  was  preached 
that  the  Ser  in  traps  was  useless  to  prevent 

B  -  ^ 


poisonous  gases  and  disease 
through,  and  it  became  quite 


germs  passing 
a  rage  amongsf 
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manufacturers  and  sanitary  engineers  to  have 
traps  made  with  two  dips  or  seals,  and  also  so 
as  to  form  two  traps. 

Fig.  247  is  a  double  dip  trap,  the  argument 
in  its  favour  being  that  if  any  bad  air  passed 
the  first  dip  it  would  escape  out  of  the  grating 
at  A.  Stoppers  were  fixed  at  B,  B,  for  access  to 
the  inlet  and  outlet  ends  of  the  traps. 

The  illustration   Fig.   248    shows  another 
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ouble  dip  trap,  and  Fig.  249  another  one. 


Several  others  that  are  made  on  the  same  hnes 
as  those  shown  could  be  given,  but  it  is  unneces- 
sary to  do  so.  .     ,  ,        1  L  u 
In  each  case  it  will  be  noticed  that,  although 
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the  traps  have  two  dips,  they  are  immersed  in 
the  same  body  of  water,  so  that  should  noxious 
gases  emanate  from   the    water   they    wou  d 


escape  from  the  surface  at  all  points,  and  on  the 
house  side  of  the  trap  as  much  as  on  the  sewer 
side.  Supposing  that  disease  germs  had  passed 
into  the  trap,  and  .  had  multiplied  there,  the 
double  dip  would  be  of  no  more  use  that  a  trap 
with  a  single  dip,  for  keeping  them  out  of  the 

house.  .  ,  , 

Fig.  250  is  another  trap  constructed  with  the 
same  object  in  view  as  those  immediately  pre- 
ceding, but  this  trap  has  three  dips,  and  the 
further  advantage  of  two  water  chambers, 
the  water  in  each  chamber  being  kept 
separate  from  that  in  the  other.  In  this 
trap  air  gratings  are  fixed  at  C  and  E,  and  at 
D  is  an  opening  for  ventilating  the  space 
enclosed  by  the  dip-pipes. 

Fig  251,  is  a  single  trap  so  far  as  the  grat- 
ing for  receiving  surface-water,  but  the  inlet 
for  connecting  the  waste-pipe  has  another  trap 
as  shown,  thus  forming  a  double  barrier  for 
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preventing  drain  air  getting  into  the  house 
through  the  waste-pipes.  The  illustration  t  ig. 
252,  is  constructed  on  lines  similar  to  Fig  251. 
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One  more  illustration  of  a  double  trap 
shown  by  Fig.  253.  This  is  really  two  separate 
traps  with  ventilating  pipes  as  a  provision  lor 
preventing  them  being  "  air-bound. 

1  have  already  explained  to  you  the  evils  ot 
large-sized  traps,  and  also  those  having  parts 
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inaccessible  for  cleansing.  All  the  traps  tha^ 
we  have  now  referred  to  have  some  disadvan- 
tage, although  each  one  is  good  when  seen  from 
the  inventors  point  of  view.  But  if  we  are  to  be 

"  1? 


^^^f        FIG  253 

croverned  in  our  judgment  by  fixed  laws,  and 
Those  laws  dictate  that  traps  are  to  be  as  nearly 
as  possible  kept  clean  by  the  discharges  passing 
through  them,  or  failing  that,  can  be  easily 
cleaned  by  a  scrubbing  brush,  we  cannot  accept 
them  as  being  good  for  their  intended  purpose. 
I  cannot  do  better  than  quote  the  words  of  the 
patentee  of  one  of  the  above  traps,  who,  m  a 
public  lecture  said:  "When  a  trap  cannot  be 
thoroughly  cleansed,  and  all  the  water  standing 
in  it  be  changed  by  a  good  flush  of  water  sent 
into  it,  it  ought  never  to  be  used;  and  so, 
though  I  hold  a  patent  for  this  trap,  /  condemn 
it  as  unfit  for  use." 

Another  point  that  I  have  not  yet  referred  to 
is,  the  traps  should  be  so  constructed 
that  the  waste-pipes,  although  connected  to  the 
traps,  shall  have  their  bottom  ends  open  to  the 
air,  so  that  air  can  enter  and  pass  through  the 
pipes  and  escape  at  the  upper  ends. 

There  are  great  numbers  of  good  Interceptor 
traps  in  the  market,  and  we  will  now  deal  with 
a  few  of  them.  Fig.  254,  is  one  of  the  com- 
monest description.  The  waterway  through 
this  trap  is  quite  circular  in  cross-section,  and 
there  are  no  corners  for  solids  to  accumulate  in. 
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The  dip  is  fairly  good,  and  2  in.  in  depth  of 
water  has  to  be  evaporated  out  of  the  trap  before 
the  seal  is  broken.  When  a  trap  of  this  shape  is 
fixed  for  receivingdischargesof  waste-water  from 
sinks  or  similar  fittings,  the  waste  has  to  enip  y 
^7/^rthe  grating,  with  the  result  that  the  whole 
of  the  paving,  or  whatever  surrounds  the  trap, 
gets  splashed  and  soon  becomes  offensive.  This 


evil  is  aggravated  if  an  ordinary  five  hole 
stoneware  grating  is  fixed  over  tiie  trap  as 
shown  by  the  illustration.  This  kind  of  trap 
would  be  further  improved  if  it  had  a  flat  foot 
or  base,  so  that  there  would  be  less  risk  of  its 
being  fixed  out  of  level,  and  which  might  have 
the  undesirable  effect  of  robbing  the  trap  of 
part  of  its  water-seal. 
An  impiovement  on  the  last  kind  of  trap  is 
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show  by  Fig.  255  which  has  an  arni  for  con- 
necting a  waste  or  rain-water-pipe  in  such  a 
way  that  the  water  is  discharged  beneath  the 
grating,  and  is  thus  retained  in  the  trap  instead 
of  splashing  over  the  surface  surrounding  Jt. 
The  grating  is  of  the  same  improper  description 
as  that  to  Fig.  254.  The  trap  has  a  flat  base 
to  it,  and  is  made  in  two  pieces.  The  upper 
piece  can  be  turned  in  any  direction  to  suit 
waste-pipes  and  thus  avoid  having  to  make  un- 
necessary bends  in  them. 

Fig.  256.  is  considered  to  be  a  good  descrip- 


tion of  gully-trap.  The  upper  part  of  this  trap 
can  be  turned  in  any  direction  to  suit  the  waste- 
pipes  that  discharge  into  it,  and  a  provision  is 
also  made  for  the  connection  of  a  rain-water- 
pipe  as  shown  by  the  illustration.  It  »Tiay  oe 
objected  that  the  hoppc.  head  to  the  trap  is 
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too  large,  so  that  the  splashings  of  waste-water  I 
would  make  the  place  smell  offensive,  and  that 
the  use  of  the  under  grating  is  doubtiul.  The 
plumber  would  also  have  some  little  difficulty 
in  making  the  joint  between  the  waste-pipe  and 
the  trap. 

The  interceptor  trap  shown  at  A,  Fig.  216,  is 
considered  to  be  a  very  good  one.  This  trap 
has  the  further  advantage  of  having  from  2iin. 
to  3  in.  dip. 

An  improvement  on  this  trap  is  shown  by 
Fig.  257.  The  inlet  arms  are  constructed  so 
that  the  incoming  stream  of  water  is  not  broken 
up,  but  acts  as  a  kind  of  injector,  breaking  up 
the  crust  of  congealed  fatty  matter  that  accu- 
mulates on  the  surface  of  the  water  in 
the  trap,  and  also  plays  in  the  bottom 
of  the  trap,  scouring  away  heavy  muddy 
matters  that  would  otherwise  accumulate 
and    eventually   choke  the    drain    or  trap. 
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The  water  that  brings  these  matters  into  the 
trap  should  be  made  to  carry  them  through  into 
the  sewer,  and  will  do  so  if  care  is  taken  when 
arranging  the  waste-pipes,  and  other  fittings, 
that  the  column  of  water  is  sent  through  the 
pipes  with  a  good  velocity  and  in  a  compact 
stream. 

I  think  it  necessary  here  to  mention  to  you 
that  the  traps  I  have  illustrated  were  simply 
selected  for  the  purpose  of  making  clear  the 
various  good  and  bad  points  in  their  classes, 
the  examples  given  being  typical  only.  Why  I 
mention  this  is,  so  that  I  shall  not  become  an 
advertising  medium  to  the  profit  or  pleasure  of 
some  makers  or  patentees,  and  to  the  loss  or 
chagrin  ot  others.  There  are  numbers  of  traps 
in  the  market  as  bad  and  as  good  as  those  i 
have  introduced,  but  with  the  necessary  know- 
ledge it  is  not  difficult  for  you  to  select  those 
that  are  most  fitted  for  the  various  classes  of 
work  required  to  be  done,  and  the  selection  need 
not  be  confined  to  those  that  I  have  used  for 
the  purpose  of  my  lectures.  These  remarks 
will  also  apply  to  my  future  lectures  on  traps  or 
any  other  fitting,  patented  or  not,  that  may  be 
used  by  us  when  carryirtg  out  any  work 
entrusted  to  us  for  execution. 


Surface  Water  Traps. 

Some  of  the  traps  used  for  receiving  surface 
water  were  referred  to  in  previous  lectures.  See 
Figs.  213,  215,  216,  220,  244,  245,  246,  251,  252, 
254,  255,  256  and  257.  Reasons  were  also  given 
why  some  kinds  of  traps  were  better  than  others 
for  that  purpose. 

In  addition  to  the  above  traps  there  are 
several  in  common  use  which  are  made  of  cast- 
iron.  One  of  those  most  frequently  seen  is 
called  a  "  bell-trap,"  and  is  of  the  shape  shown 
by  Fig.  258.  As  this  trap  was  referred  to  at 
length  in  "  Plumbing  Practice,"  it  is  unneces- 
sary to  say  more  than  that  it  is  very  untrust- 
worthy as  a  trap,  has  a  small  water-way  through 
it  and  is  frequently  found  with  the  grating  and 
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bell  removed,  or  broken,  in  which  cases  it  is 
perfectly  useless  for  keeping  smells  from  passing 
through.  Fig.  259  is  another  cast-iron-trap 
which,  although  better  than  the  preceding,  is  not 
a  good  one.    The  water-way  through  this  trap 


is  larger  and  the  removal  of  the  grating  does 
not  break  the  water-seal  in  the  same  manner  as 
with  the  bell-trap. 

Both  the  above  traps  are  usually  fixed  over 
small  brick  built  chambers  as  shown  by  Fig.  259, 
the  chambers  being  covered  with  stones,  in 
which  the  traps  are  fixed.  It  is  usual  to  simply 
fix  these  traps  with  the  top  edges  sunk  into  re- 
bates in  the  stones,  and  no  cement  for  bedding 
them  used.  When  so  fixed  it  is  urged,  some- 
times, that  the  traps  can  be  easily  removed  for 
access  to  the  chamber  beneath  for  the  removal 
of  mud  or  sediment  that  generally  accumulate 
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in  that  part.  The  arrows  in  the  figure  denote 
the  escape  of  drain-air  when  the  traps  are  so 
fixed. 

Fig.  260  is  another  kind  of  iron  trap  that  is 
sometimes  met  with.  For  this  trap  it  is  claimed 
that  the  inner  lining,  A,  the  bottom  edge  of 
which  dips  in  the  water,  can  be  taken  out  for 
access  for  passing  cleansing  rods  into  the  drains 
or  for  cleaning  out  the  body  of  the  trap.  This 
trap  cannot  be  accepted  as  being,  what  is 
usually  termed,  self-cleansing,  as  it  is  impossible 
for  any  current  of  water  that  passes  through  to 
scour  the  sides  and  rub  off  the  foul  matters  that 
are  generally  found  adhering  to  them.  There 
is  also  a  risk  of  bad-air  passing  out  as  shown  by 
the  arrows  B,  B,  or,  when  the  outlet  of  the  trap 
is  not  made  good  to  the  drain,  as  shown  by  the 
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arrows  C,  C.  This  latter  applies  more  particu- 
larly when  the  trap  is  fixed  in  a  brick  chamber 
as  explained  above,  and  illustrated  by  Fig.  259. 
It  is  always  difficult  to  make  the  joint  between 
the  outlet  of  an  iron  trap  and  a  stoneware  pipe, 
and,  doubtless,  that  is  why  the  small  brick 
chambers  are  used.  There  are  other  kinds  of 
iron  traps  met  with  in  practice,  but  with  the 
above  remarks  we  may  dismiss  them  with  the 
observation  that  unless  they  are  coated  with 
some  material  to  prevent  oxidation  they  be- 
come offensive  in  themselves,  and  we  cannot 
take  a  broader  illustration  than  when  they  are 
used  to  receive  surface  water  in  stables  and 
such  like  places. 

Grease  Traps. 
In  an  earlier  lecture  it  was  stated  that  "ex- 
cepting in  special  cases  sand  and  other  matters 
do  not  require  to  be  caught,  but  should  be 
washed  away  into  the  sewer.  It  is  not  at  all 
necessary  to  either  strain  or  filter  the  sewage  as 
it  leaves  the  house."  The  special  cases  referred 
to  are  where  certain  matters  cannot  be  washed 
away  into  the  sewer.  This  is  generally  found 
to  be  the  case  with  what  passes  down  the 
scullery  sink.  The  sand  generally  used  in  large 
mansions  for  cleaning  copper  cooking  utensils, 
would  scour  away  if  it  was  not  for  the  fatty 
matters  which  concrete  the  sand,  earth  from 
vegetables,  and  other  substances  together.  It 
is  the  fat  and  grease  from  sinks  that  is  generally 
the  cause  of  drains  choking  up.    The  grease 


washed  off  the  plates  and  dishes  and  mixed 
with  the  hot  water  used  is  sent  down  the  waste- 
pipe  in  a  liquid  condition  into  the  drain.  In 
some  cases  the  grease  will  congeal  in  the  drains 
only  a  short  distance  from  the  sink,  in  other 
cases  it  will  travel  a  considerable  distance  be- 
fore it  loses  its  liquidity,  and  where  the  drains 
are  at  a  temperature  above  that  at  which  grease 
solidifies  it  will  pass  away  and  do  no  harm. 
This  latter  only  occurs  in  very  large  mansions 
and  hotels  where  large  quantities  of  hot  water 
are  used,  or  where  steam  is  allowed  to  escape 
into  the  drains,  thus  keeping  them  at  such  a 
degree  of  heat  that  the  grease  is  kept  in  a  fluid 
condition. 

It  is  usual  with  leading  sanitary  engineers  to 
fix  a  specially  constructed  trap  for  catching  the 
grease  from  sinks,  and  preventing  its  passing 
into  the  drains.  There  are  several  patent  traps 
in  the  market  which  have  been  designed  for 
this  purpose,  and  although  they  vary  in  shape 
and  size  one  leading  principle  is  applied  in  each 
case.  The  specific  gravity  of  grease  and  fat  is 
considerably  lower  than  that  of  water,  con- 
sequently the  above  matters,  either  when  solid 
or  melted,  will  float  on  water.  If  liquid  grease 
and  watei  were  forcibly  mixed  and  then  allowed 
to  stand  for  a  short  time  they  would  separate, 
and  the  water  would  be  at  the  bottom.  The 
water  could  then  be  drawn  away  and  the  grease 
left  behind.  This  is  the  principle  which  governs 
the  forms  of  the  traps  referred  to  above.  The 
old-fashioned  dip  stone  trap,  shown  by  Fig.  220, 
answers  the  purpose  very  well,  but  the  trap 
shown  by  Fig.  221,  is  very  much  better,  and 
when  the  incoming-pipe  has  the  end  bent  down 
so  that  it  discharges  beneath  the  surface  at  A, 
it  is  very  rarely  found  that  grease  will  pass  into 
the  drains.  It  is  not  by  any  means  recommended 
that  these  traps  shall  be  built  up  or  made  of 
brickwork.  The  writer  has  seen  traps  so  con- 
structed that  had  become  defective  and  allowed 
the  water  to  leak  through  the  walls  into  the 
earth.  It  is  much  better  to  use  those  that  are 
made  in  one  piece  out  of  burnt  clay,  and  with 
vitrified  surfaces.  These  traps  are  not  porous, 
and  with  hot  water  and  soda  a  man  can  scrub 
Ihem  as  clean  as  when  they  were  new. 

Fig.  261,  is  selected  as  an  e.xample  of  one 
make  of  these  traps  and  which,  from  some  con- 
siderable experience  with  them,  has  always 
been  found  to  answer  its  purpose  very  well.  At 
D  and  E,  are  removable  caps  for  access  for 
cleansing  the  inlet  and  outlet-pipes  should  it  be 
found  necessary  to  do  so.  This  very  rarely 
occurs,  but  when  the  grease  is  not  removed  out 
of  the  trap  at  the  proper  times  the  drain  be- 
yond will  get  foul.  At  F,  is  an  open  grating 
over  the  connection  of  the  sink  waste-pipe  with 
the  trap  to  prevent  air-binding  and  also  {ox\t.\\- 
tilalion.  Grease  traps  are  frequently  found  fixed 
inside  the  house,  and  in  most  cases  beneath  the 
scullery  floor.  This  ought  never  to  be  allowed, 
excepting  in  cases  wheie  there  is  no  alternative, 
but  this  will  be  referred  to  again  at  a  Jutvire 
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time.  Grease  traps  have  been  made  of  sheet, 
or  cast  metal,  and  with  an  outer  jacket  of  the 
same  material,  the  necessary  service  and  waste- 
pipes  being  attached  so  that  a  current  of  cold 
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water  is  contmually  passing  through  the  space 
between  the  grease  trap  and  the  outer  jacket,  so 
as  to  reduce  the  temperature  of  the  greasy 
water  that  passes  through  and  solidify  the 
grease  in  the  inner  chamber. 

From  my  previous  remarks  you  will  draw  the 
inference  that  in  some  cases  grease  traps  are 
unnecessary,  and  their  absence  in  other  cases 
will  result  in  a  blockage  of  the  drains.  In  these 
latter  cases  they  become  a  necessity,  but  in  all 
cases  they  are  also  evils.  The  stench  that 
issues  when  a  grease  trap  is  opened  is  one  of 
the  most  abominable  that  can  be  imagined,  and 
it  is  a  great  pity  that  with  the  engineering 
knowledge  of  the  present  day  something  else, 
and  of  a  less  objectionable  nature,  cannot  be  in- 
vented or  designed.  All  the  disinfectants  the 
writer  knows  of  have  been  tried,  with  a  view  of 
making  these  places  less  offensive  if  only  for  the 
short  time  necessary  for  their  being  emptied  and 
cleansed,  but  with  very  poor  results.  They 
are  offensive  not  only  to  the  neighbourhood, 
but  to  the  men  who  have  to  clean  them  out. 

There  are  several  engineers  who  are  giving 
up  the  use  of  grease  interceptors  and  are  now 
specifying  ordinary  gully  traps,  and  are  also 
fixing  automatic  acting  flushing  cisterns,  so  that 
these  traps  are  periodically  flushed.  The 
writer's  experience  of  these  arrangements  only 
extends  back  about  two  or  three  years,  so  that  he 
cannot  give  any  decided  opinion  as  to  the  suc- 
cess of  their  working.  It  is  about  as  difficult  to 
force  floating  grease  through  a  trap  as  it  is  to 
drive  the  contents  out  of  any  ordinary  washout 
closet,  and  it  is  more  than  probable  that  with 
small  gully  traps,  the  grease  from  scullery  sinks 
will  pass  through  the  traps  into  the  drain,  where 
it  will  congeal,  and  no  amount  of  flushing  will 
afterwards  remove  it.  I  do  not  wish  you  to 
think  the  grease  floats  into  the  drain  and  sets  in 
lumps.  It  is  not  so,  excepting  in  cases  where 
the  cook  has  emptied  the  contents  of  the  drip- 
ping pan  down  the  sink,  and  which  I  have 


known  to  be  done.  The  grease  accumulates  in 
the  drains  by  a  series  of  thin  layers  which  little 
by  little  gather  to  such  an  extent  as  to  eventually 
partially  choke  it.  A  portion  of  the  solidified 
grease  will  then  become  detached,  float  a  certain 
distance  until  it  gets  jammed  and  thus  complete 
the  blockage.  Fig.  262  is  a  sketch  section  of  a 
drain  taken  out  some  time  ago  showing  how  the 
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grease  had  become  attached  to  the  sides  above 
the  level  of  the  surface  of  ordinary  water  dis- 
charges. In  this  case  it  was  only  a  question  of 
time  when  a  complete  stoppage  would  have  taken 
place.  Drains  have  also  been  taken  out  which 
were  completely  blocked  with  grease.  With 
this  slight  divergence  from  our  subject  we  will 
now  return  to  traps. 

Waler-Closet  Traps. 

The  rules  that  have  been  laid  down  for 
selecting  good  drain  traps  apply  with  equal  force 
to  those  used  for  water-closets  The  commori- 
est  kind  used  by  plumbers  is  the  D  trap.  This 
trap  has  been  so  often  condemned  by  engineers, 
and  so  much  has  been  said  and  written  against 
them  that  it  seems  almost  a  waste  of  time  to 
give  them  even  a  passing  reference.  But,  as 
there  are  still  people  to  be  found  who  use  and 
recommend  this  kind  of  trap  we  will  try  and 
prove  to  those  people  that  they  are  mistaken  in 
their  faith  in  it.  Fig.  263  is  a  section  of  the 
trap. 

Assuming  the  depth  to  be  9  in.,  the  band  6  in. 
wide,  the  length  ot  the  top  12  in.,  when  mea- 
sured inside,  and  the  dip-pipe  4  in.  diameter 
and  projecting  into  the  trap  a  distance  of  6  in. 
The  superficial  area  of  the  cheeks  will  be  found 
to  be  about  twice  78  inches,  or  156  inches.  The 
area  of  the  top — 12  in.  by  6  in. — 72  inches.  The 
area  of  the  band  21  in.  by  6  in. — 126  inches.  The 
dip-pipe  is  exposed  on  both  sides  to  the  splash- 
ings  by  what  passes  from  the  W.C.,  so  the  area 
of  that  part  of  the  trap  will  be  2  by  6  ins.  by  12 
inches,  a  total  of  150  square  inches.  Add  the 
above  amounts  together  and  we  get  a  total  in- 
ternal surface  of  this  trap  of  504  square  inches, 
or  3i  square  feet.  This  large  amount  of  internal 
surface  ir,  one  great  disadvantage,  as  it  gets 
covered  with  what  passes  from  the  W.C,  but 
does  not  get  properly  washed  afterwards.  The 
shape  of  the  trap  is  also  bad,  as  no  amount  of 
water  sent  through  will  thoroughly  wash  the 
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sides  or  pass  over  the  parts  outside  and  behind 
the  dip-pipe.  And  then  again,  water  dis- 
charges by  themselves  will  not  keep  the  inside 
of  the  trap  clean,  whereas  in  a  well-shaped  trap 
the  paper  and  other  semi-solid  matters  will  rub 
ac^ainst  the  sides,  and  by  their  friction  wear  ofif 
any  small  amount  of  fur  that  may  accumulate 
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between  the  times  of  usage  of  the  w.C.  The 
size  of  the  trap  is  against  it.    Approximately  it 
holds  about  7  pints,  or  nearly  one  gallon  of 
water,  which  is  more  than  can  be  entirely 
changed  by  any  ordinary  water  discharges  from 
a  w.C.    If  a  D  trap  is  made  with  glass  cheeks 
so  that  the  passage  of  water  through  it  can  be 
watched  it  will  be  found  that  the  incoming  water 
will  rush  round  the  bottom  of  the  trap,  as  shown 
by  the  arrow,  any  solid  matters  will  roll  over 
and  over  at  G,  and  alter  the  force  of  water  is 
spent  be  left  in  the  trap  where  it  will  decompose 
and  give  oft",  amongst  other  gases,  carbonic  acid 
gas.    In  an  unventilated  trap  this  gas  will  have 
such  a  corrosive  action  on  the  lead  as  to  eat 
it  into  holes.    The  dip-pipe  is  exposed  on  both 
sides  to  the  action  of  the  above  gas,  with  the 
result  that  it  is  generally  found  to  be  corroded 
before  the  other  parts  ot  the  trap  are  similarly 
affected.    When  holes  are  eaten  through  the 
dip-pipe  the  trap  is  useless  for  keeping  smells 
from  escaping,  but  this  cannot  be  discovered 
without  first  taking  up  the  w.C.  apparatus,  so 
that  a  close  inspection  can  be  made.    D  traps 
are  generally  made  with  a  dip  of  about  i  in., 
but  if  care  is  not  taken  with  the  fixing,  or  the 
outlet  should  be  dragged  down  by  an  imperfectly 
fixed  soil-pipe,  this  dip  is  reduced  considerably 
and  they  have  been  found  with  only  about  ^^^in. 
water-seal.    Some  years  ago,  when  the  writer 
was  first  starting  as  a  journeyman,  he  was  doing 
some,  what  was  then  considered  to  be  first- 
class  work,  and  traps  14  in.  long  by  10  in.  deep 
by  7  in.  wide  were  ordered  to  be  fixed.    II  any 
reader  cares  to  take  the  trouble  he  can  set  out  a 
trap  to  the  above  dimensions  and  work  out  for 
himself  the  capacity  and  also  the  amount  of  in- 
ternal surface  that  a  trap  of  that  size  contained, 
when  he  will  find  that  the  so-called  improve- 
ment was  really  an  aggravation  of  the  evil. 

Fig.  264  is  a  sketch  of  another  shaped  lead 
trap  that  several  years  ago  was  considered  to  be 
a  first-class  one.     The  writer  has  made  and 


fixed  them,  and  prided  himself  on  the  skill  with 
which  he  made  the  joint  on  the  outgo  to  the 


branch  soil-pipe.  It  is  scarcely  necessary  to 
add  that  he  has  seen  the  error  of  his  ways  and 
ceased  to  use  or  recommend  them. 

Several  plumbers,  at  various  times,  have  tried 
to  improve  the  D-trap.  One  of  them  bossed  up 
the  body  of  the  trap  leaving  round  corners  in 
the  bottom  and  at  the  ends.  A  patent  was 
taken  out  by  another  for  casting  them  the  same 
shape.  In  this  latter  case  the  dip-pipe  and  top 
were  cast  separately  and  afterwards  "flam'd" 
or  burnt  onto  the  body,  thus  doing  away  with 
the  soldering  except  onto  the  outgo.  Two  other 
patents  were  taken  out  for  casting  the  traps  all 
in  one  piece.  These  traps  were  a  great  improve- 
ment on  the  old-Iashioned  D-traps,  and  were 
better  cleansed  by  what  passed  through  them, 
but  some  of  the  old  evils  were  retained.  Amongst 
the  improvements  in  hand-made-traps  was  the 
«V-dip,"  sometimes  called  the  "mansion-trap," 
shown  by  Fig.  265.    The  outer  edge  of  this  trap 


was  similar  to  the  D,  but  instead  of  the  "  dip- 
pipe"  being  made  by  soldering  a  piece  of  4.'n- 
soil-pipe  onto  the  top,  with  the  end  projecting 
inside  and  below  the  water  in  the  body,  a  V 
piece  was  cut  out  of  the  cheeks  and  the  top 
bent  and  fitted,  as  shown  by  the  figure,  to  form 
the  "  dip  "  or  "  water  seal."  When  first  made 
these  traps  had  6  in.  bands,  that  is,  they  were 
6  in.  wide,  and  were  made  by  several  plumbers. 
These  traps  were  found  to  be  a  great  improve- 
ment in  several  ways;  they  were  cleaner  in  their 
use,  a.id  a  smaller  flush  of  water  would  keep 
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solid  matters  from  accumulating  in  the  body. 
If  any  part  of  the  trap  or  the  dip  became  per- 
forated by  corrosion  it  was  soon  found  out  by 
water  leaking  through  the  holes,  so  that  smells 
could  not  be  escaping  for  any  length  of  time 
without  being  discovered.  This  is  not  so  with 
the  D-trap.  One  of  our  leading  master 
plumbers  further  improved  this  trap  by  bossing 
up  the  body  and  then  soldering  on  the  top,  with 
the  V  shaped  division.  He  further  improved 
this  trap  by  making  the  band  narrower  and 
smaller,  so  that  it  was  4  in.  wide  in  the  body 
instead  of  6  in,,  as  formerly  made.  The  result 
of  this  was  the  internal  surface  of  the  trap  was 
reduced  to  about  2  ft.  11  in.,  and  the  capacity  of 
the  part  retaining  water  to  about  four  pints  in- 
stead of  about  seven  pints  as  in  the  D.  The 
same  master  plumber  afterwards  took  out  a 
patent  for,  and  cast,  these  traps,  with  slight 
alterations,  in  pig-lead,  so  that  they  had  no 
soldered  parts  excepting  the  joint  to  the  soil- 
pipe.  This  trap  was  afterwards  modified,  and 
what  may  be  termed  a  revolution  in  traps  was 
made  by  the  inventor  of  the  last  one  described. 
Instead  of  the  b.)dy  of  the  trap  being  made 
larger  than  the  inlet  and  outlet,  which  used  to 
be  considered  the  right  thing  to  do,  a  trap  was 
made  with  the  body  considerably  smaller  than 
either  the  mlet  or  outlet. 


Fig.  266  illustrates  the  anti-D-trap  to  which 
reference  is  made,  and  which  holds  two  and  a 
half  pints  of  water.  It  was  generally  thought 
that  this  trap  would  never  answer  for  fixing 
under  w.c.'s,  but  several  years  test  in  actual 
work  has  proved  the  inventor  was  right  in  the 
bold  step  he  took,  and  they  are  now  pieferred 
by  all  leading  sanitary  engineers  to  any  other 
kind.  For  obvious  reasons  I  cannot  say  more 
about  this  trap,  but  the  reader  is  referred  to 
"Sanitary  Plumbing"  and  "Dulce  Domum,"* 
which  contain  full  descriptions  ot  this  trap  and 
also  several  tables  showing  the  results  of 
experimental  tests  with  all  kinds  of  traps,  and 
under  varying  conditions.  It  is  difficult  to  find 
out  who  first  introduced  traps  under  water- 
closets  and  what  was  the  shape  of  the  earliest 
ones  that  were  made.  Those  that  have  been 
taken  out  of  very  old  buildings  vary  in  descrip- 
tion and  shape.    The  writer  has  seen  some  thou- 

•  Batsford,  Holborn,  Publisher3. 


sands,  but  yet  is  not  in  a  position  to  say  with 
confidence  if  the  D  or  the  round  pipe-trap  is  the 
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oldest.  At  the  "Parkes'  Museum  of  Hygiene," 
is  an  old  cast-iron-trap  and  closet-basin  in  one 
piece.  Fig  267,  is  a  section  of  this  closet,  which 
is  here  shown  for  the  sake  of  illustrating  the 
trap.  The  basin  part  is  of  the  same  shape,  but 
a  little  larger  than  the  common  long  hopper 
which  is  so  much  used  at  the  present  time.  The 
principle  of  the  trap  being  similar  to  that  shown 
by  Fig.  259. 

One  of  the  earliest  patents  taken  out  for  a 
water-closet  was  by  Alexander  Cummings,  in 
1775.  The  illustration,  attached  to  his  specifi- 
cation, shows  a  round  pipe  CO  shaped  trap. 
This  trap  is  very  popular  at  the  present  day, 
and  is  deservedly  so  from  certain  points  of  view. 
If  not  made  too  large  it  is  the  most  cleanly  in 
its  use  of  any  other  kind  of  trap.  In  its  modified 
form  in  the  shape  of  a  half  CO  as  shown  by  Fig. 
268,  it  is  used  in  all  parts  of  the  country.  In 
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the  North  of  England,  Scotland,  and  several 
other  places  it  is  the  only  trap  used,  and  is 
generally  made  by  hand.  Rut  this  trap  has  its 
drawbacks.    To  first  describe  its  good  points;  it 
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has  no  corners  or  places  that  are  not  washed  at 
each  usage  of  the  W.C.    If  not  too  large,  and  a 
good  water  flush  is  attached  to  the  closet,  the 
contents  are  pushed  out  at  each  discharge  sent 
through  it;  if  corroded  by  the  action  of  sewage 
gases  a  water  leakage  would  soon  betray  the 
defect.    The  disadvantages  of  this  trap  may  be 
enumerated  as  follows,  it  has  been  found  so  dis- 
torted out  of  shape  that  it  has  not  been  a  trap  at 
all     By  pulling  the  trap  so  as  to  make  it  longer, 
when  it  has  been  improperly  fixed   with  the 
l)ranch  soil-pipe  too  short,  so  as  to  bring  it  to 
its  proper  position,  the  trap  has  become  so  dis- 
torted as  to  lose  its  seal.  When  made  by  hand  out 
of  sheet-lead  and  with  soldered  seams  the  solder 
has  been  found  corroded  and  eaten  through  by 
sewage  gases.    But  this  has  only  been  when 
the  soldering  has  not  been  properly  done.  Traps 
have  been   taken    out   that   had  only  about 
ilb  of  solder  used  on  their  seams.  These 
traps  are  generally  made  too  large,  with  the 
result  that  they  have  furred  to  a  considerable 
extent  on  their  inner  sides,   whereas  snialler 
traps  have  been  kept  clean  by  the  friction  of 
passing  matters.    But  if  these  traps  are  made 
so  that  they  shall  be  cleanly  in  their  use  the 
greatest  evil  of  all  then  obtains  by  the  discharges 
sent  down  from  a  W.C.  passing  right  through 
the  trap  and  not  leaving  sufficient  in  the  body  to 
form  a  water-seal.  This  action  is  often  attributed 
to  syphonage,  that  is,  the  soil-pipe  attached  to 
the  outgo  of  the  trap  acts  as  the  long  leg  of  a 
syphon  and  "syphons"  the  water  out  of  the 
trap.    But,  this  is  not  so  as  any  reader  can 
prove  for  himself  by  standing  any  ordinary  lead 
P-trap  without  any  soil-pipe  at  all  on  a  bucket 
or  stand,  place  a  valve-closet  on  the  trap,  partly 
fill  the  basin  with  water  and  raise  the  handle  in 
the  ordinary  way,   when  he  will    find  that 
frequently  the  water  left  in  the  trap  will  not  be 
sufficient  to  form  a  proper  seal.     It  makes  very 
little  difference  whether  he  first  charges  the  trap 
with   water  or  tries  the  experiment  with  an 
empty  trap.  Each  time  it  is  tried  different  results 
will  follow,  and  sometimes  the  trap  will  remain 
partially  sealed  but  never  to  the  proper  extent. 
This    action    of   water   passing   through  a 
trap  is  held  very  lightly  by  some  people,  and 
pooh-poohed  as  being  of  no  consequence.  They 
will  argue  that  on  raising  a  water-closet  handle 
the  water  will  run  through  the  basin  and  re- 
charge  the  trap;  or  if  the  handle  should  be 
dropped  quickly  so  as  to  stop  the  water  from 
passing  from  the  W.C.  to  the  trap  sufficient  will 
be  syphoned  out  of  the  trap  under  the  basin 
overflow  arm  to    recharge    the  closet-trap. 
Others,  again,  will  claim  that  a  wceping-pipe, 
from  the  lead-pipe  leading  trom  the  supply  valve 
to  the  baMn,  will  recharge  the  overflow-trap  as 
well  as  the  closet-trap.    These  are  all  mistaken 
notions,  as,  in  practice,  when  testing  soil-pipes, 
by  means  of  a  smoke  machine,  smoke  is  tre- 
quently  found  to  pass  through  a  w.c.  trap  when 
of  the  description  under  discussion.  During 
this  last  twelvemonth  the  writer  has  had  to  sub- 
stitute the  traps  shown  by  Fig.  266  in  place  of 


the  round  pipe-traps,  shown  by  Fig.  268,  in  about 
10  or  12  cases.  In  some  cases  ventilating  the 
traps  was  tried,  but  found  to  be  of  no  use  for 
preventing  the  action  described.  The  above 
illustration  refers  to  cast  lead  traps,  machine 
made  traps,  and  hand-made  traps,  the  results 
being  about  the  same  with  each  description. 
Various  round-pipe  traps  have  been  made  with 
the  object  of  arresting  the  impetus  of  the  pass- 
in^  water    Fig.  269  is  a  sketch  of  one  that  was 


found  to  be  very  successful  in  doing  so,  but  by 
enlarging  the  body  of  the  trap  it  ceases  to  be, 
what  is  commonly  called,  self-cleansing,  and  a 
larger  quantity  of  water  is  necessary  to  change 
the  contents.  The  contents  of  a  trap  should  be 
as  literally  pushed  out  as  the  pellet  out  of  a 
boy's  pop-gun,  and  clean  water  left   in  the 

"^^A  great  deal  more  could  be  said  on  closet- 
traps  and  other  illustrations  given,  but  as  those 
that  have  been  referred  to  cover  the  principles 
on  which  all  others  are  usually  constructed,  it  is 
unnecessary  to  dwell  longer  upon  them.  Neither 
is  this  the  place  to  refer  to  the  advantages  and 
disadvantages  of  using  traps  to  w.c.'s.     A  pass- 
ino  reference  may  be  made  to  a  patent  taken 
out  some  time  ago  for  doing  away  wi-h  water- 
traps  to  w.c's,  and  substituting  flap-valves  on 
the  ends  ol  the  branch  soil-pipes.   The  main 
stack  of  soil-pipe  having  an  enlargement  at  the 
point  of  junction  for  the  flap-valve  to  work  in 
without  forming  an  obstruction  to  anything  pass- 
ing from  a  higher  level.    The  writer  has  not 
seen  this  principle  in  work,  but  cannot  think 
otherwise  than  it  is  always  liable  to  be  out  ol 
order.    The  remarks  made  on  the  flap-valve, 
shown  by  Fig.  239,  apply  also  in  this  case.  Be- 
fore entirely  leaving  this  part  of  our  subject  it 
will  be  v^ell  to  draw  the  readers'  attention  to  the 
evils  of  having  brass  caps   and  screws  sol- 
dered   into    water-closet-traps.      The  writei 
has  found  these  caps  and  screws  soldered  into 
the  sides  of  traps  where  it  was  impossible  to  get 
to  them,  as  they  were  between  the  floor  joists, 
for  removing  any  obstruction  or  for  cleansing 
tSe  traps.    In  other  cases  he  has  seen  the  screw 
caps  so  fixed  that  the  w.c.  apparatus  had  to  be 
removed  before  the  cap  could  be  taken  off.  He 
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has  also  found  the  caps  unscrewed  and  left  so 
that  the  trap  was  perfectly  useless  for  keeping 
drain  air  from  escaping. 

In  one  large  building  the  writer  was  inspect- 
ing he  found  the  work  done  in  a  wretchedly  bad 
manner  and  bossed  lead  caps  placed  loosely 
over  the  cleaning  holes  in  the  traps,  so  that 
drain  air  was  escaping  night  and  day  all  the 
year  round,  until  the  stench  became  so  unbear- 
able that  it  became  necessary  to  make  an  ex- 
amination as  to  the  cause. 

Traps  for  Sinks,  Baths  and  Washhand 
Basins. 

In  selecting  a  trap  for  fixing  under  sinks, 
baths  or  washhand  basins  the  same  thought  has 
to  be  bestowed  as  on  those  for  w.c's.  The  mat- 
ter that  passes  through  a  sink,  for  instance,  will 
frequently  clog  the  trap.  Amongst  the  rest  of 
these  matters  is  grease,  and,  what  is  nearly  as 
bad,  the  curds  from  soap,  especially  in  places 
where  the  water  used  is  very  hard. 

The  D-trap  is  an  old  favourite  with  some 
people  for  the  purpose,  but  so  much  has  been 
said  against  it  that  it  is  unnecessary  to  repeat 
the  objections. 

Another  trap  much  liked  by  some  plumbers 
is  shown  by  Fig.   270.    This  trap  may  be 
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described  as  a  modification  of  the  D-trap. 
Although  not  the  same  shape  it  has  the  disad- 
vantage that  any  water  passing  through  does 
not  clean  the  internal  surface  and  the  corners 
get  clogged  with  foul  matter  as  much  as  in  the  D- 
trap. 

Fig.  271  is  another  form  of  this  trap  which  is 
considered  by  some  plumbers  an  improvement 
on  the  other  one.  One  of  the  chief  arguments 
in  favour  of  these  traps  is  they  are  proof  against 
syphonage,  and  to  a  certain  extent  of  evapora- 
tion of  the  water  out  of  them.  With  these  ob- 
jects in  view  they  are  sometimes  made  so  large 
as  to  hold  as  much  as  2  gals,  of  water.  The  in- 
evitable result  is  the  contents  of  the  trap  become 
putrid,  and  when  anything  is  sent  through  them, 
and  this  putrid  matter  washed  out,  an  abomin- 
able stink  is  found  near  the  discharging  end  of 
the  waste-pipe.     On  cutting  open  one  of  these 


traps  they  are  invariably  found  to  be  in  a  very 
dirty  condition  and  the  inside  clogged  with  a 
black  slimy  matter,  which  in  some  cases  gets 
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into  the  waste-pipe  and  chokes  it  up.  These 
traps  have  frequently  been  taken  out,  as  the 
stoppages  were  so  frequent,  and  laid  in  a  dry 
place.  When,  after  a  few  weeks  interval,  they 
have  been  again  examined  they  have  been  found 
to  be  almost  fit  for  using  again,  as  the  slimy 
matter  had  dried  up  so  that  it  could,  by  shaking 
the  trap,  be  made  to  fall  out.  In  the  illustrated 
catalogue  of  a  manufacturer  of  plumbers 
materials,  these  traps  are  described  as  "soap- 
traps,"  from  their  known  property  of  retaining 
a  certain  amount  of  the  floating  matters  that 
are  sent  into  them.  This  is  not  quite  the  case. 
Soap  curds  may  be  retained  for  a  lime,  but  after 
they  have  accumulated  to  a  certain  extent, 
they  get  washed  in  large  pieces  into  the 
waste-pipe,  and  form  a  solid  plug,  so  to  speak, 
and  block  up  the  pipe. 

Another  hand-made  trap,  sometimes  used  for 
sinks  and  similar  fittings,  is  shown  by 
Fig.  272.  A  glance  will  show  that  it  must  even- 


tually get  as  foul  inside  as  a  D-trap,  and  become 
equally  objectionable.  Besides  soap  and  grease, 
sand  and  grit  frequently  get  into  traps,  and  if 
not  broken  up  and  washed  away,  by  discharges 
through  the  trap,  these  matters  will  so  concrete 
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together  that  mechanical  means  have  to  be  re- 
sorted to  for  removing  them. 

In  one  instance  the  writer  was  removing  the 
contents  of  a  D-trap  under  a  sink,  through  a 
screw  cap  soldered  in  the  cheek,  and  held  a 
lighted  taper  inside  for  the  purpose  of  peermg 
into  the  outlet-pipe  when  the  gases  in  the  trap 
cauf'ht  fire  and  burnt  with  a  blue  flickering 
flante  tor  a  few  seconds,  thus  showing  how  foul 
these  traps  become  inside. 

For  ordinary  use  a  plain  round  pipe-trap,  as 
shown  by  Fig.  268,  but  of  a  smaller  size,  and 
with  a  screw  cap  soldered  in  as  shown  by  dotted 
lines,  answers  very  well  indeed  if  the  inlet  end 
is  enlarged,  and  the  waste-pipe  is  of  the  same 
diameter  as  the  body  of  the  trap.    Another  good 
kind  of  trap,  which  is  patented,  is  shown  by  Fig. 
273.    The  inlet  is  enlarged  so  that  a  large  size 
grating  can  be  soldered  over  it,  and  thus  allow 
water  to  pass  through  quickly  and  All  the  bore 
or  water-way  of  the  trap.    This  trap  has  also 
the  advantage  of  a  deep  water-seal.  When 
fixed  under  wash-hand  basins  this  is  an  import- 
ant item  for  consideration.    These  fittings  are 
sometimes  not  often  used,  with  the  result  the 
water  will  evaporate  o'lt  of  the  traps  when  they 
become  useless.    It  has  been  deemed  advisable 
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in  some  instances  to  fix  special  made  traps  with 
an  extra  depth  of  water-seal,  as  shown  by  Fig. 
274  These  traps  are  easily  made  out  of 
extra  strong  lead  service-pipe  filled  with  sand. 
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By  bending  the  pipe,  as  shown  in  the  figure,  the 
throat  at  A  does  not  cripple  to  any  serious  ex- 


tent, and  not  nearly  so  much  as  when  made  to 
the  shape  of  machine-made  traps.  If  a  slight 
buckle  should  occur  it  can  be  worked  out  through 
the  hole  made  in  the  heel  for  soldering  on  the 
brass  screw  cap,  which  is  necessary  for  removing 
anything,  such  as  a  finger  ring,  or  other  small 
article  that  may  get  into  the  trap,  or  for  passing 
a  cane  or  small  wire  brush  in  lor  cleansing  the 
trap. 

One  is  sometimes  in  a  difficulty  to  know  what 
to  advise  in  extraordinary  cases.  Quite  recently, 
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when  making  a  sanitary  survey  in  a  noble|^j'^ 
mansion,  the  writer  saw  a  round  pipe-trap  under 
a  sink  in  the  wine  cellar,  which  was  acting  very 
well  indeed,  and  although  the  body  o  the  t  ap 
was  quite  clean  the  inlet  was  partially  choked 
with  what  was  thrown  down  the  sink,  ihe 
si  e  ch  section  shown  by  Fig.  275  illustrates  the 
nternal  condition  of  the  trap.  Jf'°^}'f^f^^;- 
ing  is  the  proper  advice,  as  a  better  kind  of  trap 
could  not  be  found  for  fixing. 

Mechanical  Traps. 
In  some  instances  traps  have  been  found  with 
no  water  in  them,  the  water  havmg  evaporated 
thus  rendering  them  useless,  so  that  dram  air 
u  L«  rhrou'-h  In  other  instances  a  back 
Se  i?e  n  e  ^asie-pipe  has  forced  air  through 
R  e  wate  in  the  trap'.  Traps  are  sometiines 
found  so  fi-xed  that  the  water  has  siphoned  out 


of  them.  With  the  object  of  preventing  some 
of  the  above  actions  a  great  deal  of  ingenuity 
has  been  displayed  by  inventors,  and  several 
traps  that  would  offer  resistance  to  such  ac  ions 
have  been  patented.  Some  of  these  traps  have 
hinged  valves  in  the  body,  as  shown  by  I'lg. 
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276.  This  trap  has  a  water  chamber,  arranged 
to  form  a  water-seal,  and  also  a  flap-valve  at  A 
which  has  to  be  pushed  open  by  the  discharges 
for  them  to  pass.  A  back  pressure  in  the  waste 
pipe  would  press  the  valve  more  firmly  on  to  its 
seating.  Fig.  277  is  another  kind  of  combined 
water  and  flap  valve-trap.  Both  of  these  traps, 
and  others,  which  are  similar  in  construction, 
are  liked  by  some  plumbers  and  no  doubt 
answer  their  purpose  very  well  mdeed,  so  long 


floating  on  the  water  in  the  tiap  or  sunk  to  the 
bottom.  Another  kind  has  the  ball  on  the  out- 
let side  of  the  trap.  We  will  select  one  of  each 
as  an  illustration. 

Fig.  278  has  a  floating  ball.  Water  entering 
the  trap  as  shown  by  the  arrow  pushes  the  ball 
aside,  which  afterwards  floats  back  into  its 
position  and  seals  the  end  of  the  dip-pipe  in 
the  trap.  The  ball  is  of  no  use  to  prevent  a 
siphonic  action  taking  place  on  the  water  in  the 
trap  but  a  back  air  pressure  in  the  waste-pipe 
causes  the  ball  to  fit  more  tightly  over  the  end 
of  the  dip-pipe  and  prevents  the  air  from  escap- 
ing through  the  trap. 

Fig.  279  is  an  example  of  the  heavy  ball-trap. 


as  clean  water  passes  through  them.  Another 
kind  of  mechanical  trap  has  the  flap-valve 
hinged  in  the  body  of  the  water-trap,  so  that  the 
valve  is  immersed.  In  an  earlier  lecture,  (on 
flap-valve  Fig.  239),  reasons  were  given  why 
valves  are  always  liable  to  be  rendered  useless, 
so  it  is  unnecessary  to  repeat  what  was  there 
stated. 


There  are  other  descriptions  of,  so-called 
mechanical,  traps  which  have  balls  inside,  either 
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In  this  case  the  ball  lays  over  the  opening  in 
the  bottom  of  the  trap,  and  is  entirely  covered 
with  the  water.  Discharges  through  the  trap 
push  the  ball  aside,  after  which  it  resumes  its 
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original  position  and  prevents  air  being  blown 
through  by  a  back  pressure. 

Fig.  280  is  a  representation  of  a  ball-trap 
with  the  ball  on  the  outlet.  The  illustration  ex- 
plains itself. 

Ball-traps  have  an  advantage  over  flap  valve- 
traps,  in  that  the  balls  revolve  and  thus  rub  off 
any  matters  that  may  be  adhering  to  them. 
Another  advantage  is  that  the  balls  are  made 
of  vulcanised  indiarubber,  or  of  hard  metal  and 
rest  on  indiarubber  seatings,  so  that  should 
any  small  thing  get  between  the  valve  and  seat- 
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ing  it  would  not  hold  the  valve  open  in  the  same 
manner  as  it  would  in  the  case  of  the  flap 
valve.    It  has  been  urged  that  as  mdiarubber 
is  a  perishable  material,  balls  made  with  it 
would  not  last  many  years.    The  further  objec- 
tion has  been  raised  that  ihis  kind  of  trap  does 
not  get  scoured  inside  by  the  discharges  through 
it     Fig  279  and  280  have  the  further  disadvan- 
tage of  having  caps  screwed  on  to  the  outlet  side 
of  the  traps,  so  that  should  they  be  removed  for 
cleansing  the  trap  or  renewing  the  balls,  and 
not  properly  replaced,  bad  air  could  escape 
through  them  in  the  same  manner  as  has  been 
described  when  speaking  of  brass  screw  caps 
being  soldered  into  traps  on  the  top  or  above 
the  water  in  them. 

Inventors  have  tried  to  charge  traps  with 
liquids  that  would  not  evaporate,  as  such 
serious  results  have  occurred  from  traps  be- 
coming emptied  by  that  action.  Generally 
speaking,  they  have  been  far  from  successful, 
as  the  liquids  have  been  earned  away  by  the 
water  discharges.  The  most  successful  hquid 
has  been  mercury.  Fig.  281  is  an  illustration  of 
a  mercury  seal-trap,  which  I  think  is  an  Ameri- 
can invention.    This  consists  of  a  trap  with  a 
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water  seal  and  a  kind  of  cup  on  the  outlet  of 
the  body  of  the  trap,  which  holds  a  smau 
quantity  of  mercury.  A  moveable  inverted 
cup  has  the  bottom  edges  dipped  m  the  mer- 
cury, so  that  should  all  the  water  evaporate  out 
of  the  trap  the  mercury  would  lute  the  bottom 
of  the  inverted  cup  and  thus  prevent  any  a  r 
passing.  Other  illustrations  of  mercury  seal- 
traps  could  be  given,  but  as  they 
common  use,  or  to  be  recommended  excepung 
in  very  special  cases,  it  is  unnecessary  to  aweu 

upon  them.  .  , 

Various  systems  have  been  tried  to  prevent 
water  being  siphoned  out  of  traps,  and  at  tne 
same  time  avoid  the  use  of  ventilating  pipes. 
Tlie  simplest  method  has  been  to  fix  an  air 
inlet  valve,  as  shown  by  Fig.  282.  The  hingea 
valve  at  B  opening  to  allow  air  to  pass  inwards, 
but  closing  when  a  back  pressure  has  been 
exerted.  This  valve  can  be  made  either  as 
shown,  or  the  valve  can  be  horizontal.  Although 


these  valves  have  been  fixed  inside  a  house,  it 
cannot  be  considered  good  practice  as  they,  in 
time,  get  so  choked  with  dust  that  they  do  not 
close  tightly.  Neither  is  it  a  good  plan  to  have 
a  waste-pipe  closed  at  one  end.  It  is  much 
better  to  fix  a  proper  ventilating-pipe  ;  but  this 
will  be  entered  upon  when  we  come  to  sanitary 
plumbing. 
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Before  taking  leave  of  the  subject  of  traps,  it 
may  be  mentioned  that  attempts  have  been 
made  to  arrange  them,  so  that  should  they  be 
emptied  by  siphonage  they  would  recharge 
themselves  from  a  small  water  reservoir  attached 
to  the  traps.    Fig.  283  is  an  example.  The 
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reservoir  C  has  a  small  pipe  attachment  to  the 
trap  and  a  pinhole  in  the  top  of  the  water 
chamber  to  prevent  it  being  air-bound,  in  which 
case  it  would  neither  fill  or  empty.  They  have 
been  made  with  an  air-pipe  from  the  top  of  the 
water  reservoir  to  the  waste-pipe  on  the  outlet 
side  of  the  trap.  „   .    ,  , 

I  think  we  have  now  dealt  with  all  the  lead- 
ing points  in  connection  with  traps  used  by 
plumbers,  and  comments  have  been  made  on 
their  use  and  abuse.  The  subject  has  not  been 
exhausted  ;  but,  as  we  shall  have  to  refer  to 
traps  in  connection  with  sanitary  fittings  in  a 
future  lecture,  we  will  not  now  further  dwell 
upon  it  but  pass  on  to  the  next  in  the  syllabus 
issued  by  the  City  and  Ciuilds  of  London  Institute 
for  the  Advancement  of  I  cchnical  Education. 
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TX7E  will  first  deal  with  soil-pipes  under  the 
YV  headings  of  size,  materials,  and  position 
and  afterwards  with  other  points  in  connection 
with  them.  "With  regard  to  size,  we  must  first 
consider  the  number  of  w.c.  fittings  that  are 
connected  with  the  soil-pipe,  and  the  average 
quantity  of  water,  &c.,  discharged  from  a  fairly 
well  flushed  w.c,  which  is  about  two  gallons. 
This  quantity  has  to  be  got  rid  of  quickly,  and, 
as  far  as  possible,  in  a  compact  volume,  instead 
of  being  broken  up  by  the  resistance  of  the 
air  inside  the  soil-pipe.  This  introduces  the 
question  of  ventilation  or  air  relief  -  pipes  ; 
but  we  will  leave  that  subject  alone  for  the 
present  and  confine  ourselves  to  the  hydraulic 
question.  Before  the  water  reaches  the  soil- 
pipe  it  has  to  pass  through  a  water-closet.  The 
exit  openings  of  valve  w.c.'s  vary  from  3  in.  to 
3i  in.  in  diameter,  and  the  contents  of  the  basins 
pass  through  the  openings,  in  some  cases,  in 
less  than  two  seconds,  presuming  the  basins  to 
be  half  filled,  which  is  the  usual  quantity.  A 
slight  resistance  is  sometimes  met  with  when 
passing  through  the  traps,  but  on  entering  the 
soil-pipe  the  speed  at  which  the  water  travels 
increases  in  proportion  to  the  vertical  distance 
it  has  to  fall,  provided  there  is  no  air  resistance, 
or  the  air  driven  down  by  the  fallen  water  is 
allowed  to  escape  through  pipes  fixed  for  that 
purpose.  Should  the  water-closet  be  used  for 
the  leception  of  water  from  slop  pails  and  the 
basin  filled  to  the  brim,  it  will  be  found  that  it 
will  take  about  three  to  four  seconds  to  empty 
it  into  the  soil-pipe.  We  may  accept  this  as  a 
fairly  good  basis  to  work  upon,  as  all  closets,  in- 
cluding hopper  basins,  are  at  times  used  for  the 
reception  of  slops  from  pails,  and  when  so  used 
nearly  approach  the  valve  closets  in  their 
action.  At  all  events  we  will  assume  it  to  be  so. 
From  this  reasoning  we  learn  that  about  three 
gallons  of  water  has  to  pass  through  the  soil- 
pipe  in  about  as  many  seconds.  Assuming  the 
soil-pipe  to  be  quite  straight,  fixed  vertical  and 
2  ft.  long,  we  find  on  referring  to  Table  2,  in 
"  Box's  Practical  Hydraulics,"*  that  a  short  pipe 

2  in.  in  diameter  with  2  ft.  head  of  water  will 
actually  discharge  73'6  gallons  per  minute,  or 
I  "23  gallons,  nearly  per  second.  Table  21  shows 
the  maximum  discharge  through  a  2  in.  pipe, 

3  ft.  long,  to  be  88  gallons  per  minute,  or  i'j\6 
gallons  per  second.  This  latter  example  is  based 
on  the  supposition  that  the  top  of  the  pipe  has  a 
trumpet  mouth  similar  to  a  standing  waste  pipe 
in  a  cistern,  and  may  be  said  to  nearly  approach 
the  same  conditions  as  a  water-closet  basin 
with  a  short  piece  of  2  in  soil-pipe.  Both  the 
tables  give  a  larger  quantity  of  water  as  passing 
through  the  pipe  than  would  actjally  occur  in 
practice,  but  they  will  help  the  student  to  form 
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some  idea  as  to  what  duty  a  2  in.  pipe  will  do. 
If  we  want  to  get  rid  of  three  gallons  of  water 
in  three  seconds  of  time,  and  a  2  in.  pipe  will 
convey  that  quantity  of  water  away  in  the  given 
time,  we  may  at  first  sight  be  led  to  think  that 
the  above  size  of  pipe  is  suitable  for  use  as  a 
soil-pipe.  But  in  practice  we  should  find,  in 
addition  to  the  check  formed  by  the  trap,  the 
air  between  the  water  in  the  basin  and  that  in 
trap,  also  the  length  of  sloping-pipe,  which  is 
generally  soldered  on  to  the  outgo  of  the  trap,  we 
should  have  the  ventilation-pipes,  which  would 
allow  air  to  enter  and  thus  destroy  to  a  certain 
extent  the  value  of  the  head  of  water  formed  by 
the  reservoir,  in  this  case  the  W.C.  basin.  Other 
objections  to  So  small  a  pipe  are  as  follows  : — 

Supposing  that  a  stack  of  soil-pipe  extended 
the  height  of  a  large  building  and  had  branches 
from  w.c's  on  each  floor,  the  2  in.  pipe  would 
answer  equally  as  well  as  the  short  one,  above 
used  for  illustration,  provided  that  two,  or  more, 
W.c's  were  not  used  at  the  same  instant  of  time 
and  that  proper  vents  were  fixed  to  allow  the 
air,  pent  up  between  the  falling  columns  of 
water,  to  escape.  It  may  be  thought  to  be  an 
unlikely  thing  for  two  w.c's  to  be  used  at  the 
same  instant  of  time,  but  in  hotels  and  large 
buildings  it  is  of  common  occurrence,  and  gives 
rise  to  those  intermittent  smells  which  are  so 
difficult  to  trace  to  their  source. 

From  another  point  of  view  we  cannot  con- 
sider a  soil-pipe  in  the  same  manner  as  we 
would  an  ordinary  water-pipe.  There  are 
certain  semi-solid  matters  mixed  with  the  water 
and  which  have  to  be  considered.  Further  still, 
it  the  soil-pipes  are  made  very  small,  the  W.C 
traps  and  also  the  exit  holes  in  the  bottom  of 
the  W.c  basins  should  be  reduced  to  the  same 
size  as  the  soil-pipe  and  thus  prevent  anything 
passing  through  and,  by  lodging  in  the  pipes, 
form  a  stoppage.  The  important  question  of 
ventilation-pipes,  not  for  the  purpose  of  allowing 
a  current  of  air  to  pass  through  the  soil-pipe, 
but  to  break  siphonic  action  and  also  to  relieve 
air  compression  in  the  pipes,  will  be  dealt  with 
further  on.  In  theory  a  2  in.  soil-pipe  would,  if 
properly  ventilated,  act  very  well  ;  but  he  would 
be  a  bold  man  indeed  who  staked  his  reputation 
on  its  being  applicable  to  ordinary  practice. 

We  will  now  consider  the  practicability  of 
using  a  2^  in.  pipe  as  a  soil-pipe,  and  first  com- 
pare it  with  the  2  in.  Circles  are  to  each  other 
as  the  squares  of  their  diameters.  The  square 
of  2  being  4  and  the  square  of  2^  being  6-25,  we 
find  that  the  proportion  of  a  2  in.  pipe  to  one 
24  in  diameter  is  as  4  is  to  6-25.  A  2^  pipe  is 
more  than  half  as  large  again,  in  cross  area, 
than  a  2  in.  pipe,  hence  it  will  convey  more  than 
half  as  much  agam  water  away  in  a  given  time. 
Hence  it  may  be  argued  that  a  2iin.  pipe  is 
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iarge  enough  for  using  under  W.C.'S,  and  there 
is  little  doubt  it  would  answer  very  well  for  that 
purpnse.  Absence  of  practical  tests  with  this 
size  pipe  makes  one  hesitate  to  recommend  it 
for  use.  The  only  objections  the  writer  car. 
think  of  is  the  fact  that  some  u.ers  of  w  c.  s 
seem  to  think  they  are  intended  as  rubbish 
shoots.  If  this  size  pioe  should  come  into 
general  use  makers  of  sanitary  fii  tings  would 
have  to  reduce  the  size  of  the  outlets  from  the 
w  C'S,  and  great  care  would  have  to  be  taken 
in  arranging  the  bends  and  branches.  Extra- 
ordinary care  would  also  have,  to  be  taken  when 
specifying  the  sizes  of  the  ventilation-pipes  and 
also  the  positions  of  the  connections  with  the 
soil-pipes.  It  may  also  occur  to  some  students 
that  a  pipe  of  the  above  diameter  would  always 
be  choking  in  places  where  proper  toilet  paper 
was  not  used  in  the  W.C.'S,  or  in  certain 
factories  where  other  material  than  paper  is 
used  by  the  workpeople. 

We  will  now  consider  the  practicability  of  using 
a  3  in.  soil-pipe.  By  following  the  same  line  of 
reasoning  that  we  did  with  2  in.  and  2*  in.  pipes 
we  find  that  a  3  in.  pipe  is  considerably  larger 
than  either  of  the  other  two.    The  square  ot 

2  is  4;  the  square  of  2i  is  6-25,  as  before 
stated,  and  the  square  of  3  is  9;  so  that  a  3  m 
pipe  is  more  than  twice  the  size  of  a  2  in.,  and 
nearly  one-third  larger  than  the  2^  in.  pipe.  On 
referring  to  the  tables  we  used  before  we  find 
that  a  pipe  3  in.  in  diameter  and  3  ft.  long  will 
dischai  ge  220  gals,  per  minute.  On  comparing 
the  discharges  from  the  various  sized  pipes  we 
find  that,  for  the  lengths  used  for  illustration,  a 

3  in.  pipe  will  discharge  two  and-a-half  times 
the  quantity  of  water  that  a  2  in.  pipe  will,  and 
one  and  a-half  times  as  much  as  a  2im.  pipe. 

The  quantity  of  water  dis<  harged  is  thus  seen 
to  increase  in  greater  proportion  than  the  le  a- 
tive  sizes  of  the  pipes.  This  is  accounted  for  by 
the  fact  that  as  the  diameters  of  pipes  increase 
the  friction  of  water  passing  through  them  de- 
creases. ,         .  . 

The  table  above  referred  to  gives  the  dis- 
charge from  a  3iin.  pipe,  3^1;  long,  as  being 
303gals.  per  minute,  and  a  4  m-  P'pe,  ot  tne 
sami  length,  as  400  gals.  With  these  hgures 
before  us  it  is  less  difficult  to  form  a  judgment  as 
to  the  best  sizes  to  be  used  for  soil-pipes. 

To  fall  back  on  practical  experience,  it  is  not 
at  all  uncommon  to  find  4  in-  and  5  in.  soil-pipes 
so  incrustcd  with  fur  as  to  leave  the  water  way 
through  them  reduced  to  2  in.,  2i  in.,  and  3  in., 
and  continue  to  answer  their  purpose  until  a 
portion  of  the  incrustation  has  become  detaciiea; 
this  portion  getting  jammed  in  the  pipe  forms  a 
blockage  and  leads  to  the  necessity  of  renewing 

the  pipe.  .  , 

I  should  like  here  to  slightly  diverge  from 
our  subject  for  a  moment  to  preach  the  doctrine 
that  soil  pipes  and  urinal  waste-pipes  would 
never  fur  up  inside  if  water  healed  to  a  degree 
above  "blood  heat"  was  used  for  flushing  those 
fittings  It  is  cold  which  causes  the  salts  in 
urine,  &c.,  to  crystaiise  on  the  surfaces  on  which 


they  are  deposited.  Assuming  "  blood  heat "  to 
be  ;ibout  98  degs.  Fahr.,  and  that  heat  keeps  the 
urinal  salts  in  a  state  of  solution,  water  heated 
to  that  degree  used  for  flushing  w.c^s  and 
urinals  would  prevent  the  furring-up  of  pipes.  I 
d  resay  in  these  days  of  science  and  improve- 
ment someone  will  invent  the  necessary  appara- 
tus for  carrying  out  the  above  object,  but  until 
that  is  done  we  must  keep  to  mechanical 
means  for  gaining  the  same  ends. 

As  it  would  be  troublesome  and  difficult 
to  periodically  remove  the  incrustation  that 
forms  in  soil,  &c.,  pipes,  it  is  much  better,  if  we 
cannot  prevent  them  otherwise,  to  take  such 
precautions  that  they  shall  not  accumulate  to 
an  objectionable  extent;  in  other  words,  that 
they  shall  be  rubbed  off  by  the  friction  of  pass- 
ing matters  To  do  this,  in  the  case  01  soil- 
pipes,  they  must  be  kept  so  small  that  what 
passes  down  the  pipes  will  rub  against  the 

sides.  „      .  , 

To  return  to  our  subject.    Practical  experi- 
ence has  shown  that  a  3  in.  soil-pipe  answers 
the  purpose  very  well  indeed,  and  that  with 
W.C.'S  fairly  well  flushed  a  pipe  of  this  size  does 
not  get  foul  inside.    In  1880  a  pipe  of  that  size 
was  fixed,  and  had  three  w.c's  (in  daily  use 
since  by  some  50  or  60  people)  attached.  The 
writer  has  had  the  privilege  of  frequently  seeing 
this  pipe,  and  never  knew  of  anything  occurring 
to  its  prejudice.    Some  short  time  ago  he  saw 
a  portion  of  this  pipe  cut  out  for  inspection, 
when  it  was  found  to  be  nearly  as  clean  inside 
as  when  it  was  first  fixed.    Theory  tends  to 
prove,  and  practice  has  proved,  that  soil-pipes 
much  less  in  size  than  those  generally  fixed, 
will  answer  their  intended  purpose,  and  at  the 
same  time  be  without  the  objections  that  have 
been  raised  to  the  larger  pipes.    But  at  this 
point  other  issues  are  raised.    The  first  one, 
Which  is  entirely  practical,  is  the  arranging  and 
fi.xing  of  the  pipes.    No  soil-pipes  pass  direct 
from   the  w.c's  to  the  drains  without  either 
bends  or  branches.    To  begin  with  bends  :  they 
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should  never  be  made  iwo  small  radiub 

Writers  on  hydiauiics  tell  us  that  a  great  loss 
of  head  ol  water  is  caused  by  sharp  bends  and 
turns  in  pipes.  That  In  more  water  will  pass 
through  a  straight  pipe  ot  a  given  leng  h  than 
through  another  pipe  of  the  same  sue  and 
e,  gth  that  had  several  bends  in  it.  And  mo.e 
^valcr  will  pass  through  a  pipe  with  bends  made 
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to  a  large  radius  than  through  a  similar  pipe 
that  had  sharp  bends.  Assuming  Fig.  284  to  be 
a  pipe  bent  to  a  radius  of  one  diameter,  that 
is,  the  quarter  circle  described  by  a  pair  of 
compasses  set  to  the  same  length  as  the  dia- 
meter of  the  pipe  will  represent  the  centre 
line  drawn  on  the  side  of  the  bend.  A  bend 
made  this  shape  will  seriously  retard  the  velo- 
city of  the  water  passing  through  it,  and,  in 
the  case  of  soil-pipes,  be  more  liable  to  become 
blocked  with  passing  matters  than  if  it  had 
been  made  as  shown  by  Fig.  285.  Theorists 


tell  us  that  the  sharpest  bend  that  can  be  made 
to  ofter  the  least  resistance  to  the  flow  of  water 
should  be  to  a  radius  of  not  less  than  five  times 
the  diameter.  Following  this  line  of  reasoning, 
we  are  led  to  the  conclusion  that,  with  bends 
of  not  less  than  the  above  radius,  small  size 
soil-pipes  cannot  be  objected  to  on  account  of 
the  bends  in  them. 

The  same  line  of  reasoning  applies,  and 
with  equal  force,  to  branch  joints.    Let  Fig.  286 


represent  an  ordinary  branch  soldered  joint, 
the  branch  having  a  slight  inclination  as  usually 
carried  out  in  practice.  As  shown,  the  branch 
joint  is  really  worse  than  the  bend  illustrated  by 
Fig.  284,  and  would  offer  a  greater  resistance 
to  the  flow  of  water.    In  addition  to  the  sharp 
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turn  the  water  would  have  to  take,  the  current 
would  strike  against  a  surface  at  nearly  right 
angles,  with  the  result  that  a  portion  of  the 
water  would  be  thrown  upwards,  as  shown  by 
the  arrow  A,  and  in  the  case  of  a  good  velocity 
down  the  branch  pipe,  be  kept  there  until  the 
force  was  spent,  when  this  headed  up  water 
would  fall  down  the  pipe.  The  branch  would 
be  much  better  if  the  end  of  the  entering  pipe 
was  bent,  as  shown  by  dotted  lines  in  Fig.  287, 
in  which  case  the  branch  would  more  nearly 
approach  a  bend  in  its  construction.  This  ap- 
plies to  all  soil-pipes,  irrespective  of  size,  as,  in 
addition  to  the  other  reasons  that  have  been 


given,  there  would  be  less  liability  of  anything 
coming  down  from  a  higher  level  splashing  up 
the  branch  pipe.  Should  soil-pipes  less  than  3  in. 
in  diameter  be  used  it  would  then  become 
necessary  to  go  further  still,  and  the  branch 
itself  be  continued  so  as  to  form  a  portion  of 


the  main  or  vertical  stack  of  pipe.  This  is 
shown  by  Fig.  288,  vvhich  illustrates  a  bend 
made  to  a  radius  of  five  times  the  diameter,  and 
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the  pipe  from  the  higher  level  branched  into  the 
top  of  the  bend.    When  work  is  fixed  this  way 
it  does  not  look  so  smart  as  when  the  joints  are 
made,  as  shown  by  Fig.  287.    In  addition  to 
this,  it  is  found  in  practice  that  pipe  has  to  be 
cut  to  waste   to  suit  the  lengths  between  the 
branches,  and  the  joints  in  the  vertical  stack  of 
pipe  come  at  unequal  intervals.    In  the  case  of 
a  very  high  building  and  a  stack  of  pipe  is  car- 
ried up  the  whole  height,  this  would  look  con- 
spicuous, and  suggest  the  idea  of  short  remnants 
of  pipe  being  used  instead  of  proper  lengths  as 
sent  out  by  manufacturers.    Although  not  quite 
so  good,  the  main  stack  can  be  continued  and 
the  branches  bent  so  as  to,  as  nearly  as  possible, 
approach  the  bend  illustrated  by  Fig.  288  and 
the  branch  joint  made,  as  shown  by  dotted  lines. 
I  do  not  propose  here  to  enter  into  the  question 
of  soil-pipe  ventilation  (which  will  be  dealt  with 
at  a  future  time)  beyond  saying  that  when  the 
smaller  sizes  of  pipe  are  used  for  soil  carriage 
from  W.C'S,  the  ventilation  or  air  pipes  have 
to  be  very  much  increased  in  size,  and  special 
precautions  taken  in  their  arrangement. 
Materials  for  Soil  Pipes. 
In    the  present   age,    when    the  goddess 
"  Cheapness  "  has  so  many  followers,  old  and 
trusty  friends  are  discarded,  and  new,  untried 
ones  are  taken  into  favour.    No  matter  how 
often  the  new  friends  may  deceive,  and  in  some 
cases  cause  actual  injury,  they  are  always  for- 
given, not  in  a  charitable  sense,  with  the  hope 
fhey  will  not  err  again,  but  with  a  perversity 
which  causes  people  to  shut  their  eyes  to  the 
facts  of  the  case.    Their  eyes  may  be  shut, 
but  their  ears  are  ever  open  to  the  quiet 
whisperings  of  "  cheapness."    No  wonder  that 
there  are  chronic  grumblings  about  the  plumber 
and  his  ways  when  it  is  an  acknowledged  fact 
that  nine  householders  out  of  ten  call  in  any- 
body before  they  do  the  bona  fide  plumber. 
People  do  not  send  their  family  washing  to  the 
family  lawyer,   their  watches  to  the  village 
blacksmith,  or  call  in  a  travelling  tinker  to 
decorate  their  houses.    When  ill  they  generally 
think  the  doctor  is  the  man  tu  send  for  ;  but 
if  their  plumbing  is  out  of  ord.r  they  do  not 

send  to  the  plumber,  but  to  ,  the  reader 

must  fill  this  in  according  to  his  own  know- 
led^^e  I  admit  that  householders  sometimes 
send  'for  a  plumber,  but  rarely  to  a  plumber. 
They  may,  perhaps,  in  some  cases  send  to 
where  plumbers  are  employed,  but  the  poor 
innocents  do  not  know  when  a  man  is  a 
plumber  or  not  when  he  arrives.  Should  he 
be  a  good  tradesman  and  do  his  work  properly, 
the  bill  that  follows  will  often  cause  the  house- 
holder to  send  elsewhere  the  next  time  he  wants 
anything  of  the  same  kind  done.  The  Denion 
Cheapness"  says  "that  man  was  dear,  but 
carefully  suppresses  the  "and  good."  So  long 
as  the  piece  of  work  will  last  a  few  days  satis- 
faction is  felt  on  all  sides,  no  matter  if  it  has  to 
be  done  again  a  week  or  two  afterwards.  bo 
much  the  better"  thinks  the  unprincipled  trades- 


man. If  householders  would  simply  cast  the 
yearly  cost  of  repairs  to  their  plumbing  and 
work  out  the  amount  of  invested  capital  it  re- 
presents, they  would  soon  find  for  themselves 
that  their  money  would  be  laid  out  to  belter 
advantage  by  having  their  work  done  properly, 
and  by  having  certain  portions  renewed  by 
good  men  instead  of  being  constantly  taxed  for 
repairs  by  indifferent  workmen.  I  have  in- 
spected the  sanitary  arrangements  of  hundreds 
of  houses  in  town  and  country.  In  some  cases 
the  class  of  work  can  only  be  called  "wretched. 
In  other  cases  the  work  has  originally  been 
done  well,  but  certain  alterations  and  additions 
have  been  carried  out  under  the  above-named 
demon,  thus  spoiling  the  whole  scheme  under 
which  it  was  originally  constructed.  In  no  part 
of  the  plumbing  work  of  a  house  do  these  re- 
marks apply  more  than  to  the  soil-pipe  materials. 

When  W.C'S  were  first  introduced  into  the 
upper  portions  of  houses  lead-pipes  were  used 
for  conveying  the  sewage  away  to  the  drains, 
and  in  some  cases  for  the  drains  themselves. 
These  pipes  are  frequently  found  at  the  present 
day  to  be  in  as  good  condition  as  when  they 
were  first  fixed,  excepting  in  the  upper  portions 
of  those  which  have  no  ventilation-pipes,  in 
which  cases  they  are  invariably  found  to  be  cor- 
roded by  carbonic  acid  gas.  Is  there  any  other 
metal  which  would  have  lasted  so  long?  A  hun- 
dred years,  perhaps  more  ?    But  thelold-trusted 
friend  lead  is  being  discarded  by  nearly  all 
people  as  being  so  much  dearer  than  some  of 
the  other  materials,  and  it  is  only  on  the  better 
kinds  of  work  that  it  is  now  used.  I  have  known 
in  several  cases  good  lead  soil-pipe  taken  down 
and  light  cast  iron  substituted  for  no  other  rea- 
son than  a  nail  might  be  driven  into  it.  The 
only  place  where  there  is  any  probability  of  a 
nail  being  driven  into  a  soil-pipe  is  that  portion 
connected  to  the  trap  under  the  w.c  floor.  But 
this  portion  is  always  made  of  lead,  even  when 
an  iron  soil-pipe  is  fixed  from  the  branch  to  the 
drain.    It  is  not  only  in  Jerry  built  houses  that 
iron  soil-pipe  is  much  used,  but  in  a  great  many 
so-called  "high-class"  houses  is  this  material 
fixed  from  the  water-closets.    Even  sanitary 
engineers  of  a  certain  class  are  found  to  specify 
iron-pipe  of  the  ordinary  description  as  used  for 
conveying  rain  water  from  house  roofs.  Assum- 
ing that  light  iron-pipe  will  last  for  a  fairly  long 
Ume,  there  is  always  a  difficulty  with  the  joints 
in  making  them  air-tight.    But  they  do  no  last 
many  years.    Walk  down  any  street  in  a  town 
and  notice  the  lain  water-pipes  and  you  will 
find  that  after  they  have  been  fixed  a  few  years 
There  is  scarcely  a  stack  to  be  ^een  that  has  no 
a  cracked  pipe  or  a  split  socket     The  fronts  ol 
the  pipes  niay  be  nicely  painted,  but  frequently 
eback  sides  are  eaten  entirely  away  by  ox  d.v 
tion    Open  the  bottom  ends  of  some  of  these 
pines  a.  d  in  some  cases  a  half-pa.lful  of  non 
n  srcan  be  found,  thus  showing  that  corrosion 
as  taken  place  both  on  the  inside  and  ouiside 
of  tl     pVes.     In  spite  of  these  experiences 
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numbers  of  people  still  use  light  iron  as  soil- 
pipes. 

With  regard  to  the  joints.  They  are  usually 
made,  when  made  at  all,  with  red  lead  cement. 
This  is  not  a  good  material  to  use  for  jointing 
iron  pipes,  as  the  iron  and  lead  form  a  galvanic 
couple  which,  when  moisture  is  present,  causes 
the  iron  to  corrode  much  more  quickly.  By 
the  same  reasoning  lead  paints  are  not  good  for 
covering  iron  pipes.  The  back  sides  of  the 
pipes  are  not  painted,  and  the  iron  will  corrode 
at  the  edges  of  the  painting  more  than  at  any 
other  part.  But  supposing  that  red  lead  is  a 
good  material  to  use  for  joints,  it  is  very  rarely 
found  that  the  joints  are  properly  made.  This 
part  of  the  work  is  generally  done  by  the  car- 
penters or  bricklayers.  A  portion  ot  cement 
may  be  pressed  into  the  fronts  and  sides  of  the 
joints,  but  the  back  side  is  left  open.  The 
joints  are  generally  so  tight  fitting  that  it  is 
difficult  to  properly  caulk  them,  even  if  the  iron 
was  strong  enough  to  withstand  the  strain  upon 
them  when  being  caulked.  When  the  soil-pipe 
is  fixed  inside,  and  no  hot  water  passes  down 
it,  a  proferly  made  cement  joint  may  last  for  a 
considerable  length  of  time,  but  when  the  pipes 
are  fixed  outside  and  exposed  to  heat  rays  from 
the  sun,  alternate  expansions  and  contractions 
of  the  pipes  will  cause  the  cement  to  work  out 


.FIG  289. 

of  the  sockets.  In  a  great  many  cases  joints 
come  in  positions  where  it  is  difficult  to  make 
them,  and  such  cases  frequently  come  to  light 
when  making  sanitary  inspections.  At  a  South 
of  England  health  resort  four  houses  were 
found  to  be  defective  from  the  above  cause. 
Fig.  289  is  a  fragmental  section,  showing  an 
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iron  soil-pipe  v/ith  Y-branch,  and  the  joint  with 
the  lead  soil-pipe  made  good  inside  the  wall 
where  it  was  difficult  to  properly  make  the 
joints.  In  the  above  four  houses  there  were 
nine  joints  found  to  be  defective.  In  each  case 
the  smoke  used  for  testing  escaped  as  shown  by 
the  arrows.  The  greater  number  of  the  above 
w.c's  were  situated  near  bedrooms,  into  which 
the  smoke  passed,  through  the  hollow  partitions. 
In  each  house  there  had  been  illness,  and  the 
examinations  were  made  at  the  request  of  the 
medical  gentlemen  in  attendance  on  the 
patients.  This  occurred  in  one  town,  and 
numbers  of  cases  in  London  and  other  towns 
could  be  given,  but  enough  has  been  said  to 
prove  to  you  the  risk  that  is  run  when  light  iron 
soil-pipes  are  fixed  to  houses.  It  may  surprise 
some  to  hear  that  zinc  D-traps  and  soil-pipes 
have  been  found  in  houses.  Some  few  years 
ago  when  fixing  deep  well  pumps  to  some  houses 
a  few  miles  from  London,  curiosity  led  to  the 
houses  bemg  looked  ovei".  In  going  into  the 
food  larder  of  one  it  was  found  that  a  w.c. 
was  fixed  on  the  floor  above  and,  as  there 
was  no  ceiling  to  the  larder,  the  w.c.  trap 
could  be  seen  to  be  made  of  zinc.  The  soil- 
pipe  was  fitted  in  an  angle  of  the  larder  and  that 
was  also  seen  to  be  made  of  zinc.  The  zinc  was 
bright  as  if  it  had  not  been  fixed  very  long.  On 
attempting  to  rub  off  what  appeared  to  be  a 
small  piece  of  mortar  a  hole  appeared.  On 
further  scrutiny  several  small  patches  of  a 
similar  description  were  seen,  and  near  the 
elbow,  between  the  vertical  pipe  and  the  trap 
outgo,  holes  were  found  as  large  as  horse  beans. 
The  houses  had  never  been  occupied  and  the 
only  explanation  that  can  be  given  is,  that  some 
of  the  workmen  had  used  the  w.c.  as  an  urinal. 
The  corrosive  action  had  taken  place  on  the 
inside  and  could  not  have  arisen  from  mortar  or 
lime  as  none  was  near  the  places  where  the  holes 
were  found.  The  above  simple  facts  are  quite 
sufficient  to  prove  the  unsuitability  of  zinc  as  a 
material  for  soil-pipes. 

An  experience  with  zinc  soil-pipes  has  been 
given,  and  now  the  question  arises,  is  iron 
coated  with  zinc,  commonly  called  "galvanised 
iron,"  a  good  material  to  use?  Personally  I 
have  not  had  an  experience  of  the  action  of 
sewer  air  on  this  kind  of  pipe,  but  can  cite  a  case 
where  a  soil-pipe  of  this  description  was  tested 
three  successive  years  and  each  year  the  joints 
had  to  be  remade.  Looking  at  the  question  logi- 
cally, we  must  come  to  the  conclusion  that  as  zinc 
will  not  resist  the  action  of  the  acids  in  sewage 
gases  it  cannot  be  trusted  as  a  preservative 
agent  for  iron-pipes  used  for  conveying  sewage. 

Assuming  galvanised  iron  to  be  a  good 
material  for  soil-pipes  we  still  have  to  contend 
against  the  difficulties  with  the  joints.  These 
it  is  unnecessary  to  repeat.  We  will  now  deal 
with  iron  protected  from  rusting  by  other 
means.  In  the  last  lecture  it  was  shown  that 
ordinary  lead  paints  are  of  little  or  no  value  for 
preventing  the  rusting  of  iron.    The  "  oxide  of 
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iron  paint"  is  recommended  by  some  authorities 
as  a  preservative  against  rusting,  but  tlie  pamt 
must  be  made  from  the  sesquiox.de  and  not 
from  the  protoxide,  the  latter  being  I'-jble  ,to 
rust  in  itself.    A  coating  of  (freshly  slacked) 
lime-wash  answers  fairly  well  for  internal  coat- 
ings of  water-pipes,  and  some  water  companies 
apply  this  wash  to  the  insides  of  their  mams. 
Portland  cement  wash  has  been  spoken  of  as 
being  a  good  coating  material.     Coal-tar  is 
frequently  used  for  pipes  that  are  going  to  be 
laid  underground,  but  is  not  nearly  so  good  as 
Dr  Angus  Smith's  solution,  which  consists  ot  a 
mixture  of  coal-tar,  pitch,  a  small  quantity  of 
linseed  oil,  and  sometimes  a  little  resin.  This 
is  heated  to  about  300  deg.  Fahr.,  and  the  pipes, 
after  being  cleaned  from  sand  and  rust,  are 
dipped  into  the  composition.    After  a  consider- 
able amount  of  experience  with  soil  and  drain- 
pipes protected  by  this  process,  I  can  only  say 
that  it  IS  the  best  that  I  know  of  when  properly 
done.    A  great  deal  of  pipe  is  found  to  be  im- 
properly coated,  with  the  result  that  rust  will 
soon  show  itself  through  the  coating,  but  when 
well  done  this  rarely  occurs. 

The  Bower-BarfY  process  of  protecting  iron 
from  rusting,  by  causing  the  surface  to  become 
covered  with  a  coating  of  the  black  magnetic 
oxide,  has  been  spoken  of  as  bein^'  a  very  good 
one,  but  I  cannot  speak  from  experience  as  to 
its  efficiency  for  covering  the  surfaces  of  iron 
used  for  soil  or  drain-pipes.  Neither  have  I 
ever  heard  of  iron-pipes  so  protected  being 
used  for  drains.  Most  of  the  engineers  that  I 
know  prefer  the  "  Smith's  process"  to  all  others 
for  preserving  iron-pipes. 

Some  engineers  will  specify  cast-iron  soil- 
pipes  and  are  not  careful  to  slate  the  substance 
the  iron  is  to  be  or  the  strength  of  the  pipes  If 
they  prefer  iron  soil-pipes  they  should  use  those 
of  a  strength  equal  to  what  water  companies 
use  for  their  water  mains.    This  will  be  impera- 
tive in  the  near  future.    There  is  very  little 
doubt  about  this,  as  no  known  tests  for  soil- 
pipes  and  drains  are  equal  to  the    water  test. 
All  pipes  used  for  the  conveyance  of  sewage 
should  be  subjected  to  that  test.    Some  Ameri- 
can engineers  insist  upon  this  test,  both  tor 
vertical  and  horizontal  drains,  and  there  is  no 
other  that  can  be  so  thoroughly  trusted.  When 
iron  pipes  are  used  the  joints  should  be  yarned 
and  run  with  metallic  lead,  not  lead  cemen  , 
and  properly  caulked.     Neither  should  soil- 
pipes  be  of  a  composite  character,    If  ^^onis 
used  for  the  main  stack  the  branches  and  other 
connections  should   be  made  of  the  same 
material.    In  very  few  cases  are  the  stacks  of 
soil-pipes  repeated;  every  job  is  different  to  any 
other,  and  requires  different  fittings  and  con- 
nections. This  being  so  you  would  find  in  prac- 
tice that  each  job  would  want  especially  made 
branches,  bends,  and  connections,  thus  entailing 
the  cost  of  special  patterns  and  cores  for  casting 
them  from,  besides  the  waste  of  time  when  wait- 
ing for  the  castings  being  made.  .l^architecU 
could  be  persuaded  to  sink  their  individual 


ideas  and  design  their  houses   so  that  one 
set  of  iron  castings  would  answer  for  all  W.c. 
soil-pipes,  the  above  objections  would  fall.  The 
"if"  is  the  rock  which  obstructs  the  way  of 
this  uniformity  of  design  being  carried  out. 
Neither  are  iron  fittings  found  to  be,  generally 
speaking,  smooth  inside.     This  applies  more 
especially  to  junctions  and  branches.  An  inside 
examination  of  these  pieces   generally  shows 
roughnesses  and  irregularities  on  the  mner  sur- 
faces of  the  iron,  which  cannot  be  renioved  by 
either  filing  or  chipping.     Even  when  Dr 
Angus  Smith's  solution  is  used  for  coating  the 
pipes,  and  a  good  thick  glazed  surface  is  left  on 
the  insides  of  them,  the  above  evils  are  not  re- 
moved.   Engineers  who  specify  iron  soil-pipes 
ignore,  or  are  ignorant  of,  rnost  of  the  above 
facts,  Lnd  leave  it  to  the  plumber  to  get  over  the 
difficulties  in  the  best  manner  he  can.    The  re- 
sult is  a  patchwork  job,  lead-pipe  and  iron- 
pipe  being  interspersed,  and  the  lead  used  as  a 
makeshift.    The  iron-pipe  is  used  principally 
because  of  its  cheapness,  but  there  is  every 
reason  to  suppose  that  if  the  iron-pipe  was  of 
the  proper  description,  all  the  fittings  were  pro- 
perly cast,  and  the  way  through  them  properly 
bored  out  so  as  to  get  smooth  internal  surfaces, 
the  cost  would  exceed  that  ot  lead.  Some 
readers   are   doubtless    thinking   that  these 
strictures  on  iron-pipe  are  too  strong,' and  they 
can  quote  cases  where  'ron  answers  very  well 
for  soil-pipes.    Work  done  "very  well"  in  the 
common,  careless  acceptance  of  the  term  is  not 
sufficient     ' '  Very  well "  frequently  brings  the 
pkmber  into  trouble.    Give  the  journeyman 
fhe  best  materials  and  ask  him  to  use  his 
utmost  skill  in  their  manipu  ation  and  some- 
thing better  than  the  only  halt-satisfied  very 
well "  will  be  the  result. 

There  is  no  better  material  for  soil-pipes 
than  lead.    Not  the  Jerry  plumbers  5  Jb.,  but 
pood  thick  lead,  equal  to  sheet  me  a   of  10  lb 
or  12 lb.  per  foot;  or  a  thickness  of  uyo  to  204 
o  an  inch.    Lead  of  a  substance  that  will  last 
as  long  as  the  building  in  which  the  pipes  are 
p  aced^   The  pipe  should  be  drawn  and  not 
have  any  soldered  parts  excepting  at  the  join- 
fngs    Bends  should  be  made  in  preference  to 
soldered  elbows,  and  good  strong  fi-^^"g^^ 
suDDortino-  the  p  pe,  be  provided.    By  using 
ea'dUi   plumber  can  make  neater  work  than 
with  iron.     Lead-pipe  takes  less  room;  the 
bends  can  be  made  to  fit  their  intended  position; 
instead  of  the  house,  or  building,  being  cut  and 
hacked  about  to  make  it  suit  the  bends  Lead- 
pipe  is  invariably  smooth  inside,  so  tl'^tit  does 
Sot  get  so  much  fouled  by  passing  slimy 
matters.     A  lead-pipe  will  allow  "^ore  water  to 
pass  through  in  a  given  time  than  an  iion-pipe 
S  the  san?e  she  and  length.     From  this  we 
glean  that  a  leaden  s<,il-pipe  can  be  "^^d  of  a 
smaller  size  than  an  iron  one  ^^'I'^l^.^^f^^^" 
the   same  amount   of  ^vork.    Lead-pipes  arc 
generally  used  for  pneumatic  d-spatch  tubes  be- 
cause of  its   smoothness  inside.    First  class 
engineers  know  the  advantages  that  lead  ha. 


SOIL 


PIPES. 


over  iron  for  soil-pipes,  and  I  know  of  cases 
where  nothing  but  lead  is  ever  specified;  the 
substance  being  as  described  above.  Another 
advantage  of  lead  is,  any  ordinary  plumber  can 
work  it. 

I  have  both  seen,  and  fixed,  copper  soil-pipes 
and  find  that  description  of  pipe  makes  first- 
class  work,  although  it  is  not  so  easily  worked 
as  lead.  I  have  worked  by  the  side  of  plumbers 
who  came  from  Newcastle  who  told  me  the 
trades  of  plumber  and  coppersmith  were  com- 
bined in  that  town  and  they  could  work  either 
metal.   They  were  both  first-class  plumbers. 

I  never  heard  of  glass  lined  or  porcelain 
enamelled  iron-pipe  being  used  for  soil-pipes. 
If  there  were  no  difficulties  with  the  bends, 
branches  and  connections  this  kind  of  pipe 
would  doubtless  answer  the  purpose  first  class. 
The  difficulties  with  the  joints  could  be  over- 
come by  using  "gland  "joints. 

Positions  of  Soil  Pipes. 

We  will  deal  with  this  part  of  our  subject  in 
the  first  instance,  under  the  headings  of  "  in- 
ternally "  and  "externally."    It  may  be  said 
that  the   advantages  and   disadvantages  are 
about  equal.    When  the  pipes  are  fixed  inside 
they  are  not  exposed  to  the  sun's  influence 
which  causes  them  to  expand  and  contract  and 
at  times  to  crack  and  break.    But  when  so  fixed 
they  are  liable  to  be  injured  by  having  a  nail 
driven  into  them.    When  fixed  near,  hot  water- 
pipes  will  rub  against  the  soil-pipe  and  chafe  a 
hole  into  it.    If  the  soil-pipe  should  be  injured, 
by  any  means,  bad  air  could  escape  and  thus 
pollute  the  atmosphere  breathed  by  the  inmaies. 
The  walls  of  the  house  do  not  have  to  be  cut  for 
the  branches  to  pass  through  when  the  main 
stack  is   fixed   inside.    The   warmth    of  the 
house  will  sometimes  rarefy  the  air  inside  the 
pipes  and  help  to  create  an  upward  current  and 
thus  to  accelerate  the  ventilation.    In  very  cold 
countries,  such  as  some  parts  of  North  America, 
the  soil-pipes  are  fixed  inside  the  house,  so  that 
what  passes  through  shall  not  become  frozen 
anil  thus  block  up  the  pipe.    But  in  America 
the  soil-pipes  are  generally  used  to  receive  dis- 
charges from  the  waste-pipes  from  sinks  and 
similar  fittings.    This  is  not  our  English  prac- 
tice.   Some  of  the  above  arguments  apply  to 
soil-pipes  when  fixed  externally.     With  regard 
to  water  freezing  in  the  pipes,  I  never  knew  this 
to  occur  in  our  climate.    I  have  heard  ot  one 
case,  but  that  primarily  arose  from  the  supply- 
valve  to  the  w.c.  leaking.    The  dribble  of  water 
down  the  soil-pipe  froze  as  it  fell  until  the  pipe 
was  entirely  choked.     Most  of  our  leading 
engineers  look  upon  the  soil-pipe  as  a  drain  and 
treat  it  similarly,  that  is,  never  fix  it  inside  the 
house  if  they  can  possibly  help  it. 

If  the  soil-pipe  is  fixed  outside  and  anything 
should  occur  to  injure  it,  the  escaping  bad  air 
could  do  little  or  no  harm  to  the  inmates,  unless 
the  broken  part  be  near  a  window  or  other 
pVace  where  what  escaped  from  the  pipe  could 


pass  into  the  house.  Or,  if  the  hole  in 
the  pipe  was  large  enough  for  water,  or  sewage, 
to  escape,  no  harm  would  be  done  to  ceilings, 
walls  or  furniture  in  the  same  manner  as  would 
occur  if  fixed  inside.  Prominent  sanitary 
plumbers  make  it  a  standing  rule  to  fix  the  soil- 
pipes  outside  the  house  whenever  possible.  I 
also  think  that  they  should  be  so  fixed  and 
always  do  so  in  cases  where  I  can. 

Now  that  sanitary  science  is  becoming  more 
understood,  designers  of  houses  are  giving  more 
thought  to  the  positions  of  water  closets,  and 
generally  arrange  them  near  an  external  wall, 
so  that  both  light  and  ventilation  can  be  pro- 
vided and  the  soil-pipe  can  be  fixed  outside. 
Modern  houses,  generally  speaking,  are  better 
arranged  than  those  of  earlier  construction  and 
in  which  the  w.C.'s  were  so  fixed  that  the  soil- 
pipes  had  of  necessity  to  be  fixed  inside.  When 
re-arranging  the  sanitary  work  of  an  old  house 
it  is  sometimes  found  that  the  soil-pipe  can  be 
fixed  out  of  doors,  but  in  great  numbers  of 
cases  this  cannot  be  done  unless  a  certain 
amount  of  alteration  or  re-construction  of  the 
building  is  carried  out.  This  will  be  referred 
to  again  at  a  future  time  when  we  will  take,  as 
problems,  some  examples  of  such  sanitary  works 
that  have  come  under  the  writer's  notice.  To 
complete  our  present  subject  we  will  just  say 
that  soil-pipes  are  frequently  found  to  be  fixed 
in  bedroom,  dining-room,  drawing-room,  and 
staircase  walls,  through  so-called  "  fire  proof 
plate  closets,  in  food  larders  and  similar  places. 
It  is  not  at  all  uncommon  to  find  these  pipes 
carried  through  cisterns  which  held  water  for 
domestic  use.  No  great  amount  of  scientific 
knowledge  is  necessary  for  anyone  to  form  a 
judgment  as  to  the  undesirability  of  any  of  the 
above  places  for  fixing  soil  pipes. 

We  will  now  take  a  stack  of  soil  pipe,  not 
dealing  with  any  branches,  froin  the  connection 
with  the  drain  to  the  highest  extremity.  To 
begin,  as  the  plumber  does,  at  the  bottom,  and 
at  the  place  where  I  find,  when  making  sanitary 
surveys,  more  defects  than  at  any  other  parts. 
The  joints  between  the  soil-pipes  and  drains 
are  so  often  found  to  be  improperly  made  that 
one  of  our  leading  master  plumbers  makes  it  a 
standing  rule  that  in  all  cases  the  joint  shall  be 
above  the  floor  or  paving,  and  in  view,  no. 
matter  if  the  soil  pipe  is  fixed  inside  or  outside 
the  house.  In  numbers  of  cases  the  joints  are 
found  not  to  have  been  made  at  all.  This  has 
arisen,  probably  from  the  evil  of  having  a 
division  of  responsibility.  The  pipe-layer  lays 
the  drains  and  the  plumber  fixes  his  pipes,  the 
joints  between  the  two  men's  work  are  "no- 
body's business,"  and  so  get  overlooked  or  for- 
gotten. The  plumber  should  be  held  answer- 
able for  the  whole  of  the  sanitary  works  in  a 
house,  including  the  drains,  and  there  should 
not  be  any  divided  responsibility.  The  last 
drain-pipe  or  bend  should  be  fixed  so  that  the 
socket  is  level  with,  or  an  inch  or  two  above, 
the  floor  line.    The  drain  should  be  of  the  same 
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size  as  the  soil-pipe.  Fig.  290  is  a  section  of  a 
joint  found  some  little  time  ago.  The  end  ot  a 
4  in.  soil-pipe  was  entered  into  a  9  in  dram-pipe 
and  pieces  of  newspaper  were  pushed  m  as 
shown  at  A  and  cement  then  daubed  on  the 
front  of  the  joint  by  means  of  the  fingers,  but 


Fig.  290. 

there  was  no  cement  whatever  on  the  back  side 
of  the  joint.  The  air  from  the  drains  was  found 
to  be  escaping  as  shown  by  the  arrow.  In 
addition  to  the  soil-pipe  and  drain  bemg  of  the 
same  size,  great  care  should  be  taken  to  fix  t-he 
two  pipes  "fair;"  that  is,  the  bore  of  the  pipes 
in  a  line  with  each  other.  To  ensure  this  being 
so  the  end  of  the  lead-pipe  can  be  flanged,  as 
shown  by  Fig  291,  the  diameter  of  the  nange 
being  equal   to  the  internal  diameter  of  the 


Fig.  291. 

socket  of  the  drain-pipe.  Anotner  way,  com- 
monly practised,  is  to  have  a  loose  lead  collar 
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Fig.  292. 

fitted  as  shown  by  Fig.  292.  The  end  of  the 
soil-pipe  is  slightly  coned  so  as  to  fit  into  the 


barrel  of  the  drain-pipe,  a  bed  of  oil  cement 
then  laid  round  the  soil-pipe,  in  the  bottom  of 
the  drain  socket,  and  the  loose  lead  collar,  which 
had  been  slipped  up  the  soil-pipe,  pressed  hard 
down  into  the  drain  socket,  the  joint  then  being 
made  by  filling  the  socket  with  cement.  The 
best  plan  to  adopt  is  lo  solder  the  above  lead 
flano^e  to  the  soil-pipe  and  then  make  the  joint, 
as  shown  by  the  section.  Fig.  293.  This  makes 
a  much  stronger  joint  than  any  of  the  others 
that  have  been  described.  I  may  here  mention 
that  when  Poi  tland  or  Roman  cement  has  been 
used  for  making  these  joints,  the  lead  has  been 
so  oxidised  and  corroded,  by  the  action  of  the 
cement,  as  to  almost  lose  its  metallic  properties. 


Fig.  293. 

and  has  been  reduced  to  a  harsh  and  brittle 
condition.    This  has  been  when  the  surround- 
ings were  wet  or  damp.    When  m  dry  positions 
th?5  action  has  not  taken  place  to  so  great  an 
extent,  and  this  is  a  further  reason  why  the 
joints  above  referred  to,  should  be  above  the 
floor  line.    In  some  cases  where  soil-pipes.  ot 
necessity,  must  be  fixed  inside  the  house,  1   is  a 
broad  question  whether  the  soil-pipe  shou  d  be 
continued  through  the  wall  to  the  drain  outside, 
or  if  the  drain  should  be  brought  into  the  house  to 
the  soil-pipe.     Personal  experiences  on  this 
matter  have  shown   how  difficult  it  is  to  lay 
down  hard  and  fast  lines  for  one's  gu'dfnce. 
For  years  the  writer  has  made  it  a  fixed  rule 
never    to    have    a  drain  inside  the  house 
Tf   by    any    means    it    could    be  avoided, 
and     has     always     continued     the  soU^ 
pipes  through  the  walls  and  connected  to  the 
drain  outside  at  least  one  foot  clear  of  the  house. 
A  recent  experience  has  proved  that  there  is  a 
liability  of  defects  occurring  from  this.  Un  mak- 
ng  a  sanitary  survey  of  a  nobleman's  country 
mfnsion,  which  had  been  built  on\yj^£^'l^- 
I        years,  it  was  found  bv  means  of  a  smoke  test 
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that  out  of  seven  stacks  of  81bs.  lead  soil-pipe, 
with  the  bottom  ends  connected  with  the  drains 
outside  the  house,  five  were  defective,  and 
smoke  was  found  to  escape  inside  the  house 
near  the  bottom  ends  of  the  pipes.  The  lead 
pipes  were  good  and  the  workmanship  was  also 
good.  These  pipes  passed  through  the  walls 
below  the  "  damp  course,"  and  were  conse- 
quently in  a  damp  situation.  The  lime  mortar 
had  partly  corroded  the  lead,  and  a  settlement 
of  the  ground  outside  the  house  had  caused 
slight  fractures  in  the  pipes.  The  holes  through 
the  walls  for  the  pipes  to  pass  through  had  been 
made  good,  but  in  such  a  bungling  way  that  the 
smoke,  which  escaped  from  the  cracked  lead 
pipes,  passed  through  the  holes  into  the  house. 
If  the  drain  pipes  had  been  continued  through 
the  walls  the  settlement  of  the  ground,  or  of  the 
house  itself,  would  have  caused  the  pipes  to 
break,  they  are  sometimes  found  so  broken, 
and  the  same  evils  would  have  resulted.  I  have 
found  cases  where  the  ground  inside  the  house 
had  settled,  the  drain  had  gone  with  vhe  ground, 
and  the  socket  left  fixed  on  the  end  of  the  soil 
pipe.  Fig.  294  is  a  sketch  ot  such  a  case  found 
in  a  bank  in  the  West  End  of  London.  The 
presumption  in  this  case  is,  there  must  have  been 
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some  defect  in  the  drain  pipe,  or  some  sudden 
shock  applied  to  cause  the  fracture,  which  after- 
wards was  pulled  open  in  the  manner  described. 
I  do  not  know  the  tensile  strain  necessary  to 
pull  the  materials,  of  which  drain  pipes  are  con- 
structed, asunder,  but  should  think  it  would  be 
greater  than  that  for  a  lead  pipe.  If  this  is  so, 
one  would  have  thought  that  the  lead  pipe  would 
have  broken  instead  of  the  other. 

The  writer  has  come  to  the  conclusion  that 
the  best  method  for  preventing  the  above  evils 
occurring  is  to  have  heavy  cast-iron  drains, 
properly  protected  against  rusting,  fixed  to  the 
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house  walls  and  connected  to  the  soil-pipe  by 
means  of  a  joint  and  bend,  as  shown  by  Fig. 
295.  In  the  sketch  B  is  the  lead  soil-pipe  ;  C 
is  a  copper  pipe,  about  loin.  or  i2in.  long,  with 
a  flange  on  the  bottom.  This  copper  flanged 
pipe  is  passed  over  the  end  of  the  lead  soil-pipe, 
which  is  then  flanged  over  that  on  the  copper 
pipe,  a  soldered  joint  being  made  at  D  and  an 
ordinary  lead  joint  at  E.  The  iron  bend  should 
have  a  "  Duck's-foot"  to  it,  as  shown  at  F,  this 
foot  to  I  est  on  a  brick  pier  built  up  from  the 
same  foundations  as  the  house  walls,  or  to  rest 
on  a  stone  corbel  built  into  the  walls.  The 
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drain  so  fixed  would  help  to  support  the  ftack  of 
lead  soil-pipe,  and  would  be  independent  of  the 
ground  inside  the  house,  so  that  if  it  settled 
it  would  not  injure  the  drain.  There  would 
still  remain  the  risk  of  the  settlement  of 
the  outside  ground  breaking  the  drains,  but 
that  will  be  dealt  with  under  the  heading  of 
"Drains"  at  a  future  time,  when  also  will  be 
considered  the  advantages  and  disadvantages 
of  fixing  traps  at  the  bottom  ends  of  soil-pipes. 

When  fixing  soil-pipes  inside  a  house  there  is 
little  to  say  about  them  beyond  the  methods 
used  for  supporting  the  pipes.  When  in  chases 
and  there  is  plenty  of  room  for  the  various 
pipes,  the  best  and  strongest  fixing  is  a  block 
made  either  of  wood  or  stone  with  perforation 
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throucrh  the  block  for  the  pipes  to  pass  through. 
Lead  "flanges  being  soldered  on  the  pipe  to  sup- 
port it  and  prevent  its  slipping  downwards. 
Fio^  296  is  a  sketch  of  a  block  and  joints  to  two 
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pipes.  G  is  a  soil-pipe  with  the  top  end  tafted 
onto  a  lead  flange,  which  has  been  previously 
soiled,  shaved  and  tinned,  and  laid  on  the  top 
of  the  block.  The  end  of  the  upper  pipe  H  is 
also  prepared  and  placed,  as  shown  in  the 
sketch,  on  the  tafted  end  of  the  lower  length 
of  pipe,  which  had  been  first  shaved,  and  a  joint 
then  wiped  round  the  pipe  on  the  surface  of  the 
block.  When  these  blocks  are  fixed  S  ft.  apart, 
that  is  two  blocks  to  each  10  ft.  length  of  pipe, 
the  pipes  cannot  very  well  slip  downwards. 
When  the  tafting  of  the  end  of  the  lower  pipe  is 
not  properly  done  the  lower  pipe  will  break 
away  from  the  taft  or  flange.  This  is  often 
found,  the  weak  places  being  pointed  to  by  the 
arrows  in  the  sketch.  A  rounded  bead  should 
be  made  when  tafting  instead  of  dressing  the 
flange  down  flat,  as  commonly  done,  which 
leaves  a  sharp  arriss  on  the  inner  edge  of  the 
flange  and  which  will  frequently  break  ofi"  the 
pipe.  Some  men  virill  not  flange  the  end  of  the 
lower  pipe,  but  simply  open  it  to  a  good  width, 
so  that  a  good  quantity  of  solder  can  flow  into 
the  opened  end  and  round  the  entering  end 
of  the  pipes.  In  these  cases  the  blocks  are 
dished  down  about  an  inch  all  round  the 
pipes,  the  lead  collar  being  dressed  into  the 
dishing,  so  that  a  good  support  is  given  to  the 
pipes,  and  the  joint  is  made  of  additional 
strength,  by  the  solder  that  flows  into  the  dish- 
ing and  outside  the  opened  end  of  the  bottom 
length  of  the  pine.  Some  plumbers  consider 
the  fixing  to  the  pipe  J  to  be  superior  to  the 
other.    By  this  method  the  above  weak  point 


in  the  tafting  is  avoided.  A  lead  flange  is 
simply  soldered  to  the  pipe  in  its  position,  the 
joints  on  the  pipe  being  kept  separate,  as 
shown  in  the  figure  at  K. 

Another  way  for  fixing  soil-pipes  inside  the 
house  is  by  means  of  what  is  commonly  called 
"tacks."  These  are  pieces  oi  sheet  lead,  about 
9  in.  or  10  in.  square,  soldered  onto  the  pipes  at 
intervals  of  3  ft.,  4  ft.  or  5  ft,  according  to  the  in- 
structions given  to,  or  the  whim  of,  the  plumber. 
It  is  important  that  all  soil-pipes  should  be  well 
fixed.  If  this  is  not  done  they  will  break  away 
from  their  fastenings  and  thus  become  fractured, 
or,  they  will  drag  down  the  outgo  of  the  w.c. 
traps  and  thus  partially  destroy  their  water  seal. 
To  fix  soil-pipes  properly  the  following  points 
must  be  borne  in  mind. 

The  walls  should  firmly  hold  the  hooks  or 
nails  when  driven  in.    In  some  cases   it  is 
necessary  to  plug  the  walls,  with  wood  or  lead 
plugs,  at  the  points  where  the  hooks  are  to  be 
driven  in.    In  other  cases  wood  or  stone  blocks 
have  to  be  built  into  the  walls  for  pipe  fixings. 
When  stone  blocks  are  used  they  have  to  be 
plugged  for  the  nails.    The  next  point  is  the 
"  ta'cks."    They  are  usually  cut  out  of  sheet 
lead  of  the  same  substance  as  the  soil-pipe. 
They   should    be    made    of   lead  from 
times  to  twice  the  thickness  of  the  pipe  lead, 
for  the  reason  that  only  a  very  small  portion  of 
the  tack  rests  on  the  supporting  hooks  or  nails. 
The  tacks  should  be  ol    good  size.    It  is  not  at 
all  uncommon  to  find  these  tacks  only  6  in.  long, 
and  in  some  cases  only  one  wall  hook  driven 
through  the  each  into  the  wall.   The  number  of 
tacks°  should   also  be  considered   and  they 
should  be  so  distributed  that  each  one  will  sup- 
port a  certain  portion  of  the  pipe  instead  of 
putting  them  on  so  that  long  lengths  of  pipe  are 
unsupported,  excepting  by  the  tenacity  of  the 
lead,  between  the  tacks.    To  make  this  more 
impressive  we   will  calculate  the  weight  of  a 
ID  ft.  length  of  4  in.  8  lb.  lead  pipe.  If  we  multi- 
ply the  diameter  of  the  pipe  by  3-1416  we  find 
that  the  circumference  is  12-5664  in.  Multiply 
this  by  the  length— 10  ft.— and  we  get  a  super- 
ficial area  of  10-472  ft.    This  multiplied  by  eight 
(the  number  of  pounds  per  superficial  foot)  gives 
a  total  of  83-776  lbs.,  which  is  within   a  few 
decimal  p.iints  of  i  of    hundred  weight. 

Fig.  297  is  a  view  of  a  10  ft.  length  of  pipe 
which  was  found  to  have  been  fixed  by  means 
of  two  6  in.  tacks  and  each  tack  had  one  wall 
hook  driven  into  it.  The  soil-pipe  being  made 
out  of  8  lb.  lead,  the  whole  weight,  as  worked 
out  above,  had  to  be  supported  on  two  wall 
hooks.  The  fixings  were  insuflicient  and  the 
pipe  had  gradually  slid  downwards,  the  hooks 
at  A,  A,  cutting  the  lead  tacks  as  shown  by  the 
dark  spaces  beneath  the  hooks.  Soil-pipes 
should  always  have  at  least  three  tack?,  four 
would  be  belter,  on  each  10  ft.  length  and  the 
tacks  should  not  be  less  than  9  m.  or  10  in. 
long  so  that  two  or  thicc  wall  hooks  could  be 
driven  into  each  tack  with  3  in.  spaces  between 
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the  hooks.  If  the  pipe  is  being  fixed  inside  the 
house  the  tacks  should,  if  possible,  be  on 
alternate  sides,  but  if  fixed  outside  the 
house  the  work  looks  smarter  if  the  tacks  are 
put  on  in  pairs— that  is,  two  tacks  placed  on 
opposite  sides  of  the  pipe  at  the  same  level 
as  shown  by  Fig.  204  in  an  earlier  lecture,  but 
omitting  the  mouldings.  The  tacks  should  be 
firmly  soldered  to  the   pipe  and  precautions 
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taken  to  prevent  them  breaking  away  from  ihe 
soldering,  or  a  piece  being  torn  out  of  the  pi|ie. 
Fig.  298  is  a  cross-section  of  a  soil-pipe  showing 
a  pair  of  tacks  soldered  on  at  the  same  time.  In 
this  case,  which  is  common  practice,  the  part  of 
the  pipe  to  which  the  soldering  is  attached  is 
only  about  one  inch  wide,  so  that  actually  the 
two  tacks  are  only  equal  in  strength  to  one 
tack.  If  the  tacks  are  soldered  on  separately, 
as  shown  in  section  by  Fig.  299,  the  pipe  is  then 
much  better  supported  by  them  and  we  have 
twice  the  surface  ot  pipe  to  which  the  tacks  are 
soldered.  Another  weak  point  in  tacks,  when 
improperly  prepared,  is  their  liability  to  break 
away  at  the  edge  of  the  soldering.  This  arises 
fromasharp-pointed  shavehook  havingbeenused 
for  shaving  the  lead  and  the  tack  reduced  in  sub- 
stance at  the  edge  of  the  soldering.  This  would 


not  matter  so  much  if  the  soldering  was  left  ful 
at  the  edges  of  the  seam  to  fill  up  the  weakened 
part  in  the  tack.  If  an  attempt  is  made  to  do 
this  a  ragged  edge  is  left  on  the  soldering.  The 
ragged  edge  being  then  trimmed,  by  means  of 
a  drawing-knife,  the  lead  is  partly  cut  and  still 
further  weakened.  The  remedy  for  this,  is  to 
make  the  necessary  preparations  for  soldering 
on  the  tacks  and  then,  instead  of  "  wiping"  the 
seam,  to  "draw"  it  with  solder  and  a  plumber's 
iron  in  the  same  manner  as  plumbers  "  draw  " 
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seams  on  leaden  soil-pipes  when  they  are  made 
by  hand.  The  soldering  will  then  be  left  full  at 
the  edges  as  shown  by  section  Fig.  300. 

In  some  cases  soil-pipes  are  fixed  by  means 
of  "cast  lead  "tacks  made  from  the  architect's 
special  design.  Some  large  plumbing  firms 
have  their  own  designs.  The  advantage  of  cast 
lead  tacks  is,  they  can  be  made  thicker  where 
the  nail,  or  hook,  passes  through  as  shown  at 
B  in  Fig.  301,  which  shows  a  section  of  a  cast 
lead  tack.  The  dotted  lines  show  the  special 
made  nails  with  large  heads  and  broad  flat 
stems  which  are  much  better  than  those  with 
plain  round  shanks  and  which  cut  the  lead  more 
than  the  others. 

Soil-pipes  when  fixed  inside  the  house  some- 
times have  "face  tacks"  which  consist  o*^  narrow 
pieces  of  lead  soldered  on  the  face  to  ihe  pipe. 
Fig.  302  is  a  section  showing  the  tack.  The 
great    advantage  of  this  kintl  of  tatk  is  the 
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solder,  which  is  a  harder  and  tougher  material 
than  lead,  being  on  the  front  of  the  tack,  holes 
can  be  bored  through  it  and  countersunk  and 
screws  used  for  fixing  as  shown  in  the  figure, 
rnese  tacks  are  also  an  advantage  for  fixing  all 
kinds  of  lead-pipes,  especially  when  they  are 
very  close  together,  as  they  can  be  arranged  to 
take  up  very  little  room.  The  screws  can  also 
be  taken  out  for  unfixing  the  pipe  should  it  be 
necessary  to  do  so  for  repairs  or  any  other 
purpose. 

When  fixing  soil-pipes  inside  a  house  we  find 
it  necessary  to  make  "bends"  in  them  to  fit 
the  walls,  which  are  usually  reduced  in  thick- 
ness as  they  pass  upwards.  I  worked  on  one 
large  job  where  the  architect  would  not  have 
bends  over  the  "set-offs,"  as  they  are  commonly 
called,  but  had  chases  cut  for  the  pipes  so  that 
it  was  only  necessary  to  "  spring"  them.  Tliat 
is,  instead  of  making  bends,  to  fit  the  set-offs, 
the  bends  being  close  together  as  shown  by 
Fig.  303,  the  walls  were  cut  away  so  that  slight 
bends  were  made  as  shown  by  Fig.  304.  This 
figure  shows  the  pipe  only  slightly  deviated 
from  a  straight  line  and  which  would  render 
the  pipe  less  liable  to  be  choked  by  any  foreign 
matter  that  might  get  into  it.  In  pipes  bent  as 
shown  by  Fig.  303,  it  is  sometimes  found  that 
the  heel  at  C  is  bruised  and  driven  downwards 
by  falling  matters.  This  is  not  so  liable  to 
occur  with  the  pipe  fixed  as  shown  by  Fig.  304. 
The  process  of  bending  pipes  will  be  described 
at  a  future  time. 

In  addition  to  bends  for  "  set-of^s,"  it  is  some- 
times necessary  to  make  them  for  the  soil-pipe 
to  pass  timber  or  other  joists,  and  thus  avoid 
cutting  away  the  timber  which,  if  done,  would 
weaken  the  structure.  When  soil-pipes  are 
fixed  in  chases  in  the  walls  the  chases  should 
only  be  cut  when  they  are  vertical.  If  the  pipe 
has  to  change  its  direction,  and  any  part  of  it 
fixed  horizontal,  or  sloping,  it  should  be  fixed 
on  the  face  of  the  wall  in  prefeience  to  weaken- 
ing the  walls  by  cutting  a  horizontal  or  sloping 
chase  in  them  to  receive  the  pipe.  This  re- 
mark applies  also  to  walls  that  have  chimney 
flues  in  them.  Although  often  found  to  have 
been  done,  the  practice  should  be  condemned. 

In  some  cases  soil-pipes  are  fixed  inside  for 
some  part  of  their  height  and  then  turned 
through  the  outer  walls  of  the  house,  and  con- 
tinued to  the  parapet  or  roof.  To  prevent  the 
rain  water,  which  sometimes  streams  down  the 
outside  pipe,  soaking  into  the  walls  and  making 
a  damp  place  inside  the  house,  it  is  advisable 
to  solder  a  lead  flange  on  to  the  pipe,  the 
bottom  edge  of  the  flange  to  project  as  a  kind 
of  apron,  as  shown  by  the  sketch  Fig,  305.  The 
water  will  then  drip  clear  of  the  walls,  as 
shown  by  the  arrow. 

If  the  pipe  is  continued  inside  the  house  for 
its  whole  distance,  the  next  point  that  we  have 
to  deal  with  is  where  it  passes  through  the 
roof.  If  the  roof  consists  of  a  lead  flat  there  is 
very  little  troub'    to  make  a  good  job.  There 


are  two  ways  of  doing  this.  One  is  simply  to 
cut  a  hole  through  the  roof,  pass  the  pipe 
through  and  make  a  soldered  flange  joint  onto 
the  lead  flat  and  pipe.  It  is  generally 
necessaiy  to  make  a  "  set-ofT"  bend  in  the  pipe, 
just  beneath  the  roof,  so  that  it  will  be  a  few 
inches  clear  of  the  wall  and  give  room  for  the 
plumber  to  get  his  hand  round  for  wiping  the 
joint  on  the  roof.  If  this  is  not  done  there  is 
some  difficulty  in  making  the  joint,  and  when 
done  it  always  looks  a  bungle.  If  there  is  a 
lead  gutter  where  the  lead  pipe  passes  through 
the  roof,  it  is  always  advisable  to  make  the  "set- 
off" bends  long  enough  to  clear  the  gutter,  so 
that  the  pipe  comes  through  the  flat.  By  doing 
this  the  water-way  of  the  gutter  is  not  reduced, 
and  the  pipe  is  less  liable  to  be  injured  by  snow 
shovels  in  the  wintertime.  If  the  gutter  is  at 
the  bottom  of  a  slated  or  tiled  roof,  and  the 
gutter  is  used  as  a  passage  for  workmen  when 
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repairing  the  roofs,  or  for  sweeps  to  get  to  the 
chimnies,  the  soil-pipe  vent  would  always  be 
liable  to  be  injured  by  the  men,  and  this  is  an- 
other reason  why  pipes  should  never  be  carried 
through  the  bottoms  of  gutters  if  they  could  be 
arranged  in  any  other  way.  In  the  case  of  very 
wide  gutters  this  does  not  apply. 

Although  a  soldered  flange  joint  makes  a 
good  job,  there  are  objections  to  this  way  of 
making  good  a  pipe  through  a  leaded  roof.  The 
greatest  objection  arises  from  the  rigidity  of  the 
work;  the  metals  being  so  fixed  that  they  can- 
not move  by  expansion,  the  result  frequently 
being  a  fracture  of  the  lead  near  the  joint  to  the 
pipe.  A  better  method  is  for  the  plumber  to 
work  up  a  hole  in  the  lead  on  the  flat  to  a  height 
of  6  in.,  leaving  room  for  the  pipe  to  pass 
through  and  a  space  of  at  least  i  in.  all  round, 
between  the  pipe  and  bossed  up  lead,  to  allow 
for  expansion  or  contraction.  It  is  not  so 
diflicult,  as  it  may  appear  at  first  sight,  to  boss 
up  the  lead  on  the  flat,  if  the  plumber  goes 
about  it  in  the  right  way.  The  usual  method  is 
to  raise  the  lead  by  bossing  the  under  side  until 
it  forms  a  kind  of  hemisphere  or  dome,  and  then 
drag  the  lead  from  the  flat  part,  or  base,  and  so 
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form  it  into  the  desired  shape.  A  hole  is  then 
cut  in  the  top  of  the  raised  part,  the  hole  being 
gently  worked  larger  until  the  piece  of  lead  is  as 
shown  by  Fig.306.  If  the  bossing  is  carefully  done 
the  lead  is  not  much  reduced  in  thickness  at  any 
part.  It  is  quite  as  easy  to  make  the  piece  of 
pipe  in  the  lead  bay,  by  working    the  outer 
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edges  of  the  lead  down,  leaving  the  centre 
standing  up,  but  in  a  case  where  the  lead  bay  is 
a  large  one,  this  takes  a  very  long  time  to  do, 
and  the  lead  has  to  be  cut  to  a  larger  size  to 
allow  for  the  shrinking  in  of  the  edges  or  outer 
part.  By  this  method  the  lead  is  not  reduced 
in  substance  at  any  part.  In  places  where 
plumbers  do  not  have  much  practice  in  lead 
bossing,  a  short  piece  of  pipe  could  be  soldered 
on  to  the  lead  flat  for  the  same  purpose.  A  lead 
cap  should  be  bossed  up  and  soldered  on  to  the 
soil  ventilation  pipe,  so  as  to  cover  the  space 
between  it  and  the  stand  up  lead  on  the  flat. 


FIG  307 


Fig.  307  is  a  sction  showing  the  whole  arrange- 
ment. A  A  is  the  S.  P.  vent  ;  B  the  bossed  cap 
soldered  on  to  A  ;  C  the  stand  up  part  on  the 
lead  flat;  and  D  the  lead  flat. 

If  the  S.  P.  vent  is  carried  through  a  steep 
pitched  leaded  roof  the  pipe  should  still  be  kept 
in  a  straight  line.  The  lead  can  be  bossed  up, 
or  a  piece  of  pipe  soldered  on,  for  the  vent-pipe 
to  pass  through,  as  above  described,  and  as  illus- 
trated by  Figures  306  and  307;  the  only  differ- 
ence being  that  the  outer  pipe  is  made  at  an 


acute  angle,  looked  at  on  the  highest  side,  m- 
stead  of  at  right  angles  to  the  piece  of  lead. 
The  common  way  of  carrying  a  pipe  through  a 
sloping  roof  is  shown  by  Fig.  308,  which  is  not 
nearly  so  good  a  method  as  the  one  above  des- 
cribed. The  bends  are  unnecessary  and  it  may 
be  considered  a  waste  of  time  to  make  them. 
Each  bend  in  a  pipe  acts  as  a  check  on  the 
velocity  of  whatever  passes  through  it,  either 
water  or  air.    The  vent-pipe  should  be  carried 


FIG  308. 


through  the  roof  as  shown  by  the  dotted  lines  in 
the  figure. 

If  the  roof  is  nearly  upright,  thn  pipe  would 
have  to  be  as  shown  by  Fig.  308,  but  in  any 
other  case  the  bends  are  unnecessary. 

A  great  many-  modern  built  houses  have 
asphalt  roofs.    To  make  good  a  ventilation-pipe 


FIG  309 

through  a  roof  of  this  kind  it  is  best  to  solder 
a  flange  with  welted  edge  on  to  a  short  piece 
of  lead  pipe,  fix  it  in  its  position  and  make  good 
the  asphalt  to  it.  Fig.  309  is  a  sketch  show- 
ing this  pipe  fixed  on  a  roof  and  the  asphalt 
made  good  to  it,  the  finished  surface  of  the 
asphalt  being  as  shown  by  dotted  lines.  A 
belter  key  is  given  for  the  asphalt  if  the 
welted  edge  is  serrated,  or  made  rough,  and  a 
space  left  for  the  asphalt  to  go  under  the  flange. 
For  making  good  through  a  "cemented"  roof 
the  above  method  is  a  very  good  one. 
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After  the  plumber  has  fixed  his  ventilatmg- 
pipe  he  should  then  solder  on  a  bossed  lead  cap 
similar  to  that  shown  by  Fig.  30?)  but  the  bottom 


FIG  310, 


edge  of  the  cap  is  better  if  flanged  out  two  or 
three  inches  and  continued  down  withm  an  mch 
or  so  of  the  roof. 

In  a  case  where  a  roof  was  covered  with  large 
slate  slabs  a  piece  of  sin.  81b.  lead  pipe 
had  a  narrow  flange  soldered  on  to  it,  to  suit 
the  rake  of  the  roof,  the  pipe  and  flange  were 
placed  in  position,  and  the  bottom  ot  the 
pipe  tafted  and  rivetted  by  means  of  a  beaded 
edge,  as  shown  by  Fig.  510.  The  four-inch 
ventilation-pipe  was  then  fixed  anda  cap  soldered 
on,  as  shown  at  B  Fig.  307. 

The  same  method  would  do  for  a  root  con- 
structed of  cast  iron  plates  if  it  were  not  for  the 
voltaic  action  which  would  take  place.  At  a 
large  public  building  in  London  with  a  roof  ot 
this  kind  a  specially  made  brass  connection  was 
used.  Fig.  311  is  drawn  from  memory  and 
represents  a  view  of  the  arrangements.  1  think 
this  would  have  been  better  if  the  upper  halt 
only  of  the  brass  connection  had  been  used,  and 
the  part  F  been  made  large  enough  for  the  ven- 
tilation-pipe to  pass  through.  This  would  have 
allowed  for  the  expansion  and  contraction  of  the 
roof  and  pipe  independently  of  each  other. 

If  the  soil  ventilation-pipe  has  to  be  carried 
through  a  zinc  covered  root  a  short  zinc^pipe 
should  be  soldered  to  the  roof  covering  and  the 
lead  ventilating-pipe  then  passed  through  the 
zinc  pipe.    The  whole  arrangement  being  as 
shown  by  Fig.  307,  excepting  that  the  parts  L 
and  D  are  zinc  instead  of  lead.    I  have  made  a 
"wiped"  flange  joint  between  a  lead  pipe  and 
a  zinc  flat,  but  the  practice  should  be  condemned 
The  principal  objection  being  (a)  the  pot  ot 
solder  is  entirely  spoilt  for  using  again  until  Uie 
zinc  taken  up  by  the  alloy  when  soldering,  has 
been  extracted ;  {b)  a  voltaic  action  sets  up  in 
damp  weather  between  the  various  metals,  which 
leads  to  the  destruction  of  one  of  them  and  (<r) 
the  lead  pipe  and  zinc  roof  are  so  tied  together 
that  the  metals  cannot  freely  expand  or  con- 
tract.   I  have  also  soldered  a  lead  flange  onto 
the  lead  pipe  by  means  of  a  "  wiped  "  joint  and 
then  soldered  the  edge  of  the  lead  flange  to  the 
zinc  roof  covering  by  means  of  fine  solder  and  a 


copper  bit.  The  first  method  described  is  by 
far  the  best,  and  it  is  always  advisable  to  take 
such  precautions  that  no  two  diff"erent  kinds  of 
metals  are  in  actual  contact,  especially  in  damp 
situations. 

For  making  good  a  pipe  through  an  ordinary 
slated  roof,  it  is  usual,  on  first  class  works,  to 


remove  a  slate  and  substi.ute  a  piece  of  lead  of 
the  same  size.  The  lead  being  fixed  with  regard 
to  position  and  "weathe  ing"  as  a  slate.  The 
pipe  is  then  soldered  to  the  slate  with  a  flange 
joint,  or  a  piece  of  pipe  is  worked  up  in  the 
"lead  slate,"  or  a  separat2  piece  soldered  on  to 


it,  in  a  manner  similar  to  that  described  before 
and  shown  by  Figs.  306  and  307-  „Where  the 
slates  on  the  roof  are  of  a  very  small  size  it  be- 
comes necessary  to  fix  the  "lead  slate  of  a 
size  equal  to  two  ordinary  slates  in  width  and, 
in  some  cases,  in  length  also.  The  same 
principle  applies  when  plain-tiled  roofs  have  to 
be  pierced  for  pipes  to  pass  through  them. 

In  some  cases  of  tiled  roofs  the  "  lead  s  ate 
has  been  objected  to  because  of  its  being 
different  in  colour  to  the  tiles.  Th.s  is  easily 
cotten  over  by  fixing  the  lead  a  course  lower,  so 
that  the  next  course  of  tiles  will  cover  the  lead, 
the  tiles  being  notched  -.0  as  to  fit  close  up 
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to  the  ventilation-pipe.  In  all  cases  the  "  lead 
slate,"  or  "  lead  tile,"  should  have  its  bottom 
edge  on  the  surface  of  the  tiling  so  that  the 
water  may  run  outwards. 

The  common  practice  of  passing  a  pipe 
through  a  slated  or  tiled  roof  and  making  good 
the  slates  or  tiles  to  the  pipe  by  means  of 
cement,  or  putty,  is  far  from  being  satisfactory 
and  should  be  condemned. 

Another,  and  bungling  way  of  making  good 
through  a  roof  is  shown  by  Fig  312.  This  is  a 
highly  dangerous  arrangement,  as  when  testing 
drains  and  soil-pipes  by  means  of  a  smoke 
machine  the  writer  has  frequently  found  smoke 
inside  the  roofs  and  in  upper  rooms  from  the 
slip  joint.  The  course  of  the  escaping  smoke 
is  shown  by  the  arrows,  and  drain  smells  would 
pass  in  the  same  way. 

Soil  Pipes  Fixed  Externally. 

There  is  no  part  of  a  plumber's  work  which 
shows  a  man's  skill  more  than  a  soil-pipe  when 
fixed  externally.  Being  in  view,  the  least  bruise 
or  irregularity  in  the  pipe  can  be  seen  by  the 
onlooker.  Lead-pipes  generally  get  slightly 
bent  and  bruised  by  being  moved  about,  so  the 
plumber's  first  care  is  to  straighten  the  pipes. 
This  should  be  done  by  means  of  the  hands, 
the  plumber  pressing  on  the  outside  of  the  bend, 
which  should  be  laid  upwards,  and  his  assistant 
lifting  up  the  end  of  the  pipe  as  it  lies  on  the 
bench.  The  common  practice  of  trying  to 
straighten  a  pipe  by  beating  it  with  a  "dresser" 
is  far  from  being  a  good  one;  the  pipe  is  reduced 
in  certain  parts,  and  the  marks  of  the  dresser 
can  never  be  entirely  removed.  Bruises  in  a 
pipe  are  generally  knocked  out  from  the  inside 
by  means  of  a  dummy,  and,  no  matter  how 
carefully  this  may  be  done,  the  plumber  rarely 
succeeds  in  entirely  removing  the  marks  made 
by  his  tools.  To  get  bruises  out  of  pipes,  with- 
out disfiguring  them,  it  is  best  to  have  a 
"  mandril,"  about  2  ft.  or  3  ft.  long,  made  out  of 
hard  or  tough  wood,  one  end  of  the  mandril 
being  about  \  in.,  and  the  other  end  about  ^in. 
smaller  than"  the  boi  e  of  the  pipe.  The  small 
end  of  the  mandril  should  be  rnade  round,  and 
the  thick  end  cut  ofT  and  left  flat.  The  thin  end 
should  be  pushed  into  the  end  of  the  pipe,  and 
the  mandril  driven  through  with  a  short  piece  of 
deal  quartering,  either  using  the  quartering  as  a 
"ram,"  or  placing  it  close  to  the  mandril  and 


FIG  313 


driving  it  with  a  larije  and  heavy  "box  mallet." 
A  dummy  with  a  long  rod  is  sometimes  used 
for  this  purpose,  but  as  the  head  of  the  dummy 
gets  flattened  and  spoilt  for  its  proper  use,  and 
the  inside  of  the  lead-pipe  gets  very  much 
scratched  by  the  head  of  the  dummy,  the  piece 


of  quartering  is  considerably  better  for  the  pur- 
pose. Just  as  the  mandril  is  passing  the  bruise 
in  the  pipe  the  outside  should  be  gently  tapped 
with  a  lead  "  flapper,"  the  flapper  being  made 
out  of  a  small  remnant  of  sheet-lead,  with  one 
end  folded  to  form  a  handle.  Fig.  313  is  a 
sketch  of  the  usual  way  of  doing  this.  The 
advantage  of  a  flapper  over  a  dresser  being  that 
no  tool  marks  are  made  on  the  pipe  by  its  use. 
Another  point,  when  fixing  outside  soil-pipes,  is 
to  fix  the  pipes  straight,  and  also  perpendicular, 
excepting  where  they  have  to  be  fixed  otherwise. 
With  this  purpose  in  view  it  is  always  best  to 
use  a  chalk  line,  with  a  "plum-bob"  on  the  end. 
Suspend  the  bob  from  the  top  of  the  building 
(if  the  pipe  is  to  be  fixed  to  that  part),  and,  after 
chalking  the  line,  "  strike"  a  chalk  mark  on  the 
walls.  This  line  should  be  "struck  so  as  to 
represent  the  side  of  the  pipe  in  preference  to 
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the  middle  of  the  back,  in  which  latter  case  it 
could  not  be  seen  when  the  pipe  was  fixed  in  its 
place.  It  is  also  a  good  plan  to  set  out  on  the 
walls  where  the  pipe  fixings  or  "  tacks  "  would 
come  so  that  they  could  be  arranged  to  look 
well  on  completion.  The  positions  of  the  joints 
should  also  be  considered,  and  an  effort  made 
to  get  them  at  equal  distances  apart.  By  spend- 
ing an  hour  or  so  on  these  apparently  trivial 
details  a  man  can  often  make  his  work  appear 
much  smarter  than  it  would  have  done  if  he  had 
neglected  to  arrange  it  before  he  commenced 
fixing  any  portion. 

A  great  many  buildings  have  the  lower  part 
or  plinth  projecting  beyond  the  main  vvalls. 
This  necessitates  a  pair  of  bends,  sometimes 
called  a  "  swanneck,"  as  shown  by  Fig.  303. 
the  soil-pipe  to  pass  over  the  plinth.     In  some 
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cases,  especially  where  there  is  a  great  amount 
of  traffic,  a  chase  is  cut  through  the  plinth,  and 
the  soil-pipe  is  carried  straight  down,  thus  sav- 
ing the  two  bends,  and  also  the  risk  of  the  pipe 
being  bruised  by  passers  by,  or  knocked  against 
by  brooms  or  other  objects.  When  not  recessed 
it  is  always  advisable  to  protect  the  bottom  end 
of  a  soil-pipe  from  injury  by  fixing  a  shield  or 
guard  in  front  of  it,  as  shown  by  Fig.  314.  The 
shield  should  be  about  4  ft.  high,  and  could  be 
made  of  galvanised,cast  or  wrought-iron,and  fixed 
to  the  walls  by  means  of  common  iron  pipe 
nails.  The  shield  looks  neater,  and  dust  cannot 
so  easily  fall  down  behind  it  if  a  capping  is 
made  and  fixed  on  the  top  edge,  as  shown  at  A 
in  the  figure.  The  bottom  end  should  have 
pieces  cut  out  to  allow  for  any  rain-water  that 
may  get  inside  to  run  outwards  and  away  from 
the  house  walls. 

As  we  pass  upwards  from  the  plinth  the  next 
point  that  requires  attention  is  a  "  string 
course."  This  is  a  part  of  the  building  which, 
although  sometimes  fixed  to  add  to  its  appear- 
ance, is  useful  for  protecting  the  walls  beneath 
from  any  rain  that  may  stream  down  those 
above.  This  stringing  sometimes  projects  only 
an  inch  or  two,  and  in  other  cases  perhaps  i  ft. 
The  plumber  has  either  to  bend  the  pipe  to  fit 
round  the  course,  or  to  pass  it  straight  through. 
Where  houses  are  built  with  stone  walls  the 
string  courses  are  of  the  same  material.  Brick 
built  houses  sometimes  have  stone  dressings, 
and  the  string  mouldings  are  made  of  stone.  In 


other  cases,  brick  built  houses  have  brick 
mouldings,  such  as  string  courses  and  cornices. 
Where  stone  is  used  for  the  horizontal  mould- 
ings of  a  house  the  upper  surface  of  the  project- 
ing portion  of  the  moulding  is  weathered  so 


that  the  rain-water  may  run  outwards  and  drip 
clear  of  the  walls  beneath.  Where  bricks  are 
used  the  upper  surface  is  weathered  by  a  coat- 
ing of  cement,  or  covered  with  sheet-lead.  In 
this  latter  case,  when  the  soil-pipe  is  continued 
in  a  straight  line  through  the  string  or  cornice, 
a  "wiped"  soldered  joint  should  be  made 
between  the  lead  covering  and  the  soil-pipe,  as 
shown  in  sectional  elevation  by  Fig.  315.  The 
lead  that  stands  up  against  the  wall  should  be 
dressed  back  into  a  recess,  cut  into  the  wall  as 
shown  at  A,  so  that  the  plumber  can  get  His 
fingers  behind  the  pipe  to  wipe  the  joint,  and 
thus  ensure  no  water  getting  behind  and  soak- 
ing into  the  wall.  The  common  practice  of 
wiping  the  joint  on  the  front  of  the  pipe  and  up 
the  sides  is  far  from  being  a  good  one,  and  when 
finished  does  not  look  at  all  workmanlike. 
Fig.  316  is  a  front  elevation,  showing  how  this 
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is  done,  and  the  arrows  point  to  the  weak  places 
where  water  can  get  behind  the  lead  covering 
of  the  string  course  and  soak  into  the  walls. 
This  cannot  occur  if  the  joint  is  made  as  shown 
by  Fig.  315.  Where  the  cornices  or  strings  are 
not  covered  with  lead  it  is  difficult  to  make  the 
space  between  the  stone  and  lead-pipe  water- 
tight, unless  a  lead  flange  is  soldered  on,  as 
shown  by  Fig.  305  in  an  earlier  lecture;  the 
back  edge  of  the  lead  flange  being  dressed  into 
the  wall,  as  shown  at  A  in  Fig.  315,  the  sides 
and  front  of  the  flange  laying  on  the  stone 
some  three  or  four  inches.  Cement  fillets  are 
sometimes  made  round  the  pipe,  but  the  practice 
is  not  a  good  one. 

Instead  of  passing  the  soil-pipe  through  pro- 
jecting cornices,  one  often  finds  bends  made  as 
shown  by  Fig.  317,  which  is  a  side  view.  This 
is  not  by  any  means  a  good  plan  to  adopt.  The 
beauty  of  the  mouldings  is  spoilt  by  having  the 
lines  broken  by  the  projecting  pipe.  To  a  good 
plumber  the  making  of  the  bends  is  not  difficult, 
although  they  take  a  contiderable  time.  A 
pipe  bent  as  shown  by  the  figure  will  take  from 
about  10  to  15  hours,  according  to  the  skill  of 
the  workman.    Although  they  may  look  nice 
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from  a  plumber's  point  of  view,  they  cannot  be 
considered  as  an  ornament  to  a  building.  The 
space  at  B  is  sometimes  found  convenient  for 


birds  to  construct  their  nests  in.  The  bends  are 
also  objectionable  for  the  reasons  given  when 
writing  on  Figs.  284,  285,  303. 

In  some  cases  soil-pipes  have  been  fixed  in 
chases,  cut  into  the  walls  outside  the  house.  In 
other  cases,  the  pipes  have  been  built  in  the 
walls  so  that  they  were  entirely  hidden  from 
view.  Neither  of  these  principles  are  to  be 
recommended,  either  for  soil  or  rain-water- 
pipes.  Any  plumber,  with  a  fairly  good  ex- 
perience, can  cite  cases  where  he  has  had  to  cut 
away  walls  for  finding  the  causes  of  dampness 
showing  through,  and  discovered  the  defects  to 
have  arisen  from  pipes  recessed  or  buried  in 
the  walls.  The  difficulty  in  these  cases  is  to 
find  the  actual  place  where  the  defect  is  situated. 
A  leakage  may  be  taking  place  near  the  top  end 
of  the  pipe,  but  the  dampness  arising  from  the 
defect  may  not  make  its  presence  known  until 
the  water  had  passed  downwards  a  considerable 
distance.  Instead  of  recessing  pipes  it  would 
be  much  more  preferable  to  fix  them  |  in.  or 
I  in.  clear  of  the  house  walls. 

Soil-pipes  may  not  be  considered  "things  of 
beauty,"  but  there  is  no  reason,  beyond  expense, 
why  they  should  not  be  made  an  architectural 
feature  on  a  building.  Numbers  of  people  object 
to  the  pipe  being  seen,  as  the  sight  of  it  sug- 
gests a  water-closet.  This  is  squeamishness 
which  ought  to  give  way  before  necessity.  But 
the  pipe  need  not  have  the  appearance  of  a 
common  soil-pipe.  If  architects  can  design 
rain-water-pipes,  why  should  they  not  give  the 
same  thought  to  soil-pipes?    There  are  some 
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high-class  architects  who  do  this,  but  the  prac- 
tice is  not  so  common  as  it  should  be.  But 
plumbers  can  often  make  the  pipe  look  smart 
by  fixing  astragals  and  ornamental  ears  to 
them.  Even  a  piece  of  i  in.  or  |  in.  lead-pipe 
sawn  down  the  centre,  and  the  half-pipe  bent 
round  the  soil-pipe,  and  soldered  on  with  fine 
solder,  will  add  to  its  appearance.  A  small 
plain  moulding,  as  shown  by  Fig.  205,  soldered 
on  the  soil-pipe,  as  shown  by  Fig.  204,  looks 
very  well.  Ornamental  ears,  cut  out  of  thick 
sheet-lead,  look  better,  and  are  much  stronger 
than  the  "  tacks,"  as  illustrated  by  Fig.  204. 
The  joints  to  the  soil-pipes,  when  astragals  are 
fixed,  should  be  made  by  means  of  a  blow-pipe 
or  spirit  lamp,  using  fine  solder.  This  kind  of 
joint  is  illustrated  by  Fig.  318,  a  piece  being 
broken  out  to  show  a  part  of  it  in  section. 
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When  properly  made,  and  the  solder  made  to 
flow  down  to  the  bottom  of  the  socketted  end  on 
the  lower  pipe,  this  joint  is  very  strong,  and  is 
not  so  objectionable  in  appearance  as  the 
large  bulbous  joint,  shown  by  Fig.  2  in  an 
earlier  lecture. 

Sometimes  an  architect  will  specify  that  the 
soil-pipes  shall  match  those  used  for  conveying 
rain  water.  If  these  pipes  are  round  in  section, 
and  of  the  common  description,  the  sockets  and 
ears  can  be  copied  by  working  a  piece  of  5  lb. 
or  61b.  lead  on  the  socket  of  one  of  the  pipes, 
as  shown  by  Fig.  319.  The  ears  ran  be  made 
by  means  of  a  wooden  pattern  being  pressed, 
face  downwards,  in  sand,  and  the  print  filled  up 
with  molten  lead,  the  socket  and  ears  being 
then  soldered  on  to  the  pipe.  It  is  much  better 
to  have  a  wooden  pattern  made  slightly  smaller 
than  the  iron-pipe  for  working  the  lead  sockets 
on,  as,  when  an  iron-pipe  is  used,  the  extra 
thicknesses  of  the  lead  will  cause  the  sockets  to 
look  largi  r  and  bolder  than  those  on  the  iron- 
pipe.  A  block  cast  out  of  "hards"  is  better 
still  for  working  the  lead  sockets  on.  A  few 
jobs  have  come  under  the  writer's  notice  where 


136 


LECTURES  TO  PLUMBERS. 


an  ordinary  round  leaden  soil-pipe  has  been  en- 
cased inside  a  cast-iron  slieathing,  made  to 
imitate  rain-water  pipes,  which  were  square  or 
oblong,  in  cross  section.  In  other  cases,  where 
the  rain-water-pipes  were  made  of  lead,  of  a 
similar  section  to  those  mentioned  above,  the 
round  soil-pipes  have  been  covered  with  a  lead 
sheathing  to  match  those  used  for  rain-water. 
Soil-pipes  have  been  covered  with  sheet-lead, 
bossed  to  an  ornamental  pattern  so  as  to  make 
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them  look  better.  Square  and  oblong  soil-pipes 
have  been  used,  but  they  do  not  keep  so  clean 
inside  as  those  of  a  round  section. 

Where  soil-pipes  have  been  made  to  look  like 
rain-water-pipes,  dummy  heads,  to  match  those 
on  the  rain-water,  have  been  fixed  on  the  top 
ends.  These  heads  generally  bemg  made  out 
of  lead  by  the  plumber.  Or  iron  heads,  with 
the  backs  cut  out  to  fit  over  the  pipe,  have  been 
used.  In  these  cases  the  soil-pipe,  or  soil- 
ventilation-pipe,  has  been  continued  through  the 
house  wall,  or  parapet  as  the  case  may  be,  and 
up  the  roof  to  its  intended  position.  At  one 
lar<^e  job,  in  which  the  writer  was  interested, 
instead  of  heads,  as  above  described,  being 
fixed,  projecting  stone  blocks  were  built  into  the 
walls  of  the  house  and  figure-heads  carved  as 
shown  by  Fig.  320.  Similar  heads  were  carved 
on  the  string  courses,  special  stone  blocks  being 
built  in  the  walls  so  as  to  project  beyond  the 
mouldings.  In  other  cases  stone  bosses  vvith 
foliat'e  carved  on  them  have  been  introduced. 

In  the  illustration.  Fig.  320,  the  top  stone 
^hh  carved  head  forms  a  weathering  m  itselt, 
but  where  the  pipe  passes  through  the  lower 
head  a  lead  flange  is  soldered  onto  the  pipe  so 
as  to  throw  off  any  water  and  thus  prevent  it 
running  down  the  pipe  and  soaking  into  the 

"^In  some  instances  soil-pipes  have  to  be  fixed 
in  nearly  horizontal  directions.  When  so  fixed 
inside  the  house,  deal  boards,  or  p  anks,  should 
be  placed  beneath  to  support  them.  When 
the  soil-pipe  ventilation  is  continued  inside  a 
roof  a  good  fixing  is  a  board  placed  edgeways 
and  the  pip-^  fastened  to  it  by  means  of  lace 
tacks  "  and  screws.  These  tacks  should  not  be 
more  than  2  ft.  to  2h  ft.  apart.  If  this  distance 
is  exceeded  the  pipe  will  sag  down  between  the 

Sloping  pipes  fixed  on  the  external  lace  of  the 
house  walls  should  have  the  tacks  soldered  on 


so  as  to  match  those  on  the  vertical  pipes.  But 
if  these  are  very  far  apart  a  kind  of  secret  tack 
should  be  soldered  on  the  back  side  of  the  pipe 
between  the  others  and  built  into  the  walls,  as 
shown  in  section  by  Fig.  321.  The  edge  of  the 
tack  being  fastened  with  lead  wedges  in  the 


groove,  or  raglet.  in  the  wall  and  then  pointed 
wUl"  cement."  The  pipe  should  be  fixed  clear  of 
the  walls  as  described  when  writing  on  rain- 
wa'er-pipes.  .  ,     r  r 

Sloping  pipes  never  look  nice  on  the  face  of 
a  building  and  should  never  be  so  fixed  if  it  s 
possible  to  avoid  it.  In  some  cases  they  can  be 
hid  by  means  of  a  stone  moulding  «'>'h  a  hollovv 
on  the  lop  for  the  pipe  to  lay  in  and  a  provision 
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made  for  getting  rid  of  the  water,  during  a 
rainfall,  that  would  get  into  the  hollow.  A 
dummy  lead  box  could  be  fixed,  the  mouldings 
being  horizontal,  of  such  a  depth  as  to  hide  the 
sloping  part  of  the  pipe.    A  reference  to  Fig. 
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209  will  help  to  make  this  more  clearly  under- 
stood if  we  imagine  that  the  pipe  leading  into 
the  trough  was  bent  and  continued  inside, 
thence  through  the  bottom  and  down  to  the 
drain. 

The  soil-pipe  should  always  be  continued 
full-size  to  the  highest  roof  of  the  house,  for  ven- 
tilation. In  some  instances  the  size  of  the  pipe 
should  be  increased  for  reasons  we  will  deal 
with  later  on.  The  top  end  of  the  soil-vent-pipe 
should  never  be  fixed  near  any  dormers  or 
openings  into  roofs,  nor  against  chimnies.  If 
any  water-cisterns  are  near,  the  vent-pipe 
should  be  contmued  some  distance  away  from 
them.  It  may  be  accepted  as  an  ordinary  rule 
that  if  the  top  end  of  the  vent-pipe  is  a  few  feet 
above  the  ridge  of  the  roof,  any  smells  from  the 
vent  would  not  pass  into  the  house.  The  only 
exception  to  this  is  when  any  house  ventilation- 
shafts  are  fixed  on  the  ridge.  Ventilating 
engineers  know  that  passing  air  currents  have  a 
greater  influence  on  ventilators  placed  on  the 
ridge  of  a  roof  than  when  fixed  in  any  other 
position.  There  are  exceptions  to  this,  but 
they  are  not  common.  If  one  of  these  venti- 
lators is  fixed  as  described  the  soil-pipe-vent 
should  be  kept  some  distance  away.  House 
ventilation  has  not  yet  been  reduced  to  an 
exact  science,  neither  can  engineers  guarantee 
that  an  exhaust  ventilator  will  always  act  in  the 
way  intended,  or  that  air  will  not  be  drawn 
through  it  into  the  house.  For  these  reasons  it 
is  not  safe  to  fix  a  soil  or  drain-vent  anywhere 
near  a  house  ventilator. 

The  soil-vent-pipe  should  be  well  fixed  on  the 
roof,  and  in  cases  where  the  soil-pipe  is  fixed 
outside  and  the  vent  has  to  cross  a  gutter,  the 
pipe  should  have  a  casingasshown  at  B  Fig.322, 
between  the  parapet  and  the  slope  of  the  roof. 
A  piece  of  lead,  about  a  foot  square,  should  be 
fixed  for  the  pipe  to  pass  through  as  shown  at 
A,  The  top  edge  of  the  lead  being  turned  into 
a  groove  in  the  wall,  a  soldered  flange-joint 
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made  to  the  pipe  at  C  and  the  bottom  edge  of 
the  piece  of  lead  to  hang  over  the  turned  up 
part  of  the  gutter  similar  to  the  lead  flashing. 


FIG 

The  lead  flange  is  an  important  point,  as  it  not 
only  prevents  any  water  falling  on  the  outside 
of  the  pipe,  and  the  casing,  running  into  the 
wall  and  making  it  damp,  but  iorms  a  kind  of 
base  for  the  pipe  to  thrust  against,  should  the 
fixings  above  get  broken,  and  thus  prevent  the 
pipe  sliding  down  the  roof.  The  pipe  that  lays 
on  the  sloping  roof  should  also  be  well  fixed. 
The  best  method  is  to  have  a  wooden  plank 
fixed  on  the  roof,  about  i  in.  clear  of  the  slates, 
or  tiles,  the  plank  to  be  covered  with  strong 
lead,  and  the  sides  of  the  pipe  to  be  soldered  to 


the  lead  about  3  ft.  apart.  The  soldering  being 
about  gin.  or  12  in.  long,  as  shown  at  D,  Fig. 
322.  In  some  instances  this  plank  has  been 
fixed  onto  the  roof  boarding,  the  plank  covered 
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with  lead,  the  lead  formed  into  secret  gutters 
at  the  sides  of  the  plank  as  shown  by  Fig.  136 
in  an  earlier  lecture,  and  then  the  pipe  soldered 
to  the  lead  as  above  described.  Another  way, 
which  is  commonly  practised,  is  to  have  short 
pieces  of  deal  plank  fixed,  as  above  described, 
at  intervals  of  3  ft.  or  4  ft.  The  wood  block  is 
shown  in  section  at  E,  Fig.  323.  The  lead- 
covering  to  the  block  lays  on  the  top  of  the 
slates  on  the  lower  side,  and  is  dressed  down  to 
the  roof  boarding  on  the  upper  side,  so  that  the 
slates  at  that  part  are  fitted  over  the  lead.  A 
common  way,  which  is  not  to  be  recommended, 
for  fixing  pipes  on  slated  roofs,  is  to  solder  tacks 
onto  the  pipes  in  the  usual  way  and  then  nail, 
or  screw  the  tacks  to  the  roof,  holes  being 
drilled  or  punched  through  the  slates  for  the 
screws  to  pass  through.  These  holes  are  bad, 
as  rain-water  can  pass  through  them.  The  slates 
frequently  get  broken  when  fixing  the  pipes, 
and  it  is  also  difficult  to  renew  a  slate  should 
one  become  damaged. 

When  pipes  are  fixed  on  a  Mansard  roof 
especial  pains  should  be  taken  with  the  fixings. 


Fig.  324. 


Fig.  324  represents  a  side  view  of  a  case  that 
recently  came  under  the  writer's  notice  :  The 
4  in.  pipe  was  fixed  at  the  ridge  by  means  of  a 
narrow  lead  strap  as  shown  at  F,  and  tacks  were 
soldered  to  the  pipe  and  screwed  through  the 
curb  flashing  as  shown  at  G.  These  fixings 
were  not  strong  enough  to  support  the  pipe, 
with  the  result  shown  by  the  sketch.  Iron  clips 
have  been  used  for  fixing  pipes  to  roofs,  but 
they  are  not  at  all  good,  and  soon  rust  away  by 


the  voltaic  action  which  takes  place  between 
the  lead  and  iron.  For  the  same  reason,  copper 
screws  are  better  than  iron  for  fastening  pipe 
tacks  to  blocks  on  roofs  when  that  method  oi 
fixing  is  adopted. 

In  cases  where  the  soil-pipe,  or  drain  vent  is 
continued  above  the  parapet  instead  of  up  to 
the  ridge  of  the  roof,  a  good  fixing  can  be  made 
to  the  top  of  the  parapet  as  shown  by  sketch 
plan  Fig.  325.    In  the  figure  H  is  the  pupe-;  I, 
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a  piece  of  strong  sheet  lead,  soldered  to  the  pipe 
as  shown  at  K.  L,  L,  are  lead  dowek  for 
fastening  the  lead  tack  to  the  stone  coping. 

Lead  dowels  or  "dots,"  are  always  better 
than  nails  or  screws  for  fixvng  sheet  lead 
to  stone  work.    Fig.  326  is  a  vertical  section 
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of  Fig.  325,  showing  one  dowel.  To  make 
this  properly  a  hole  is  cut  into  the  stone, 
the  bottom  of  the  hole  being  larger  than 
the  top,  and  a  hole  cut  in  the  lead— 
the  edges  of  this  hole  being  worked  upwards 
about  i  in.  A  "  dot  mould,"  made  of  iron  with 
a  rounded  hollow  on  the  underside,  a  hole 
tlirough  the  top  for  pouring  in  the  lead,  and  a 
handle  for  holding,  as  shown  in  partial  section 
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by  Fig.  327,  is  held  over  the  dowel  hole,  when 
the  lead  is  poured  through  the  small  hole  until 
it  is  filled  to  overflowing.  The  lead  should  not 
not  be  poured  too  hot,  or  it  will  shrink  so  much 
on  cooling  as  to  render  it  necessary  to  make  a 
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kind  of  rivet-head  to  the  dowel,  if  this  is  done 
in  a  careless  manner  the  dowel  will  sometimes 
work  loose.  The  best  plan  is  to  have  a  caulk- 
ing tool  with  a  face  about  |in.  thick,  and  drive 
in  the  edges  of  the  dowel-head  all  round  as 
shown  by  the  arrow  Fig.  326. 

If,  in  a  case,  as  shown  by  Fig.  326,  the  pipe 
stood  about  2  ft.  or  3  ft.  above  the  coping  the 
lead  pipe  would  support  itself;  but  if  it  was 
necessary  to  fix  it  higher  than  that  it  would  be 
necessary  to  provide  some  kind  of  support  to 
pievent  it  buckling  and  tumbling  sideways. 
The  simplest  method  is  to  solder  a  narrow 
flange  onto  the  pipe  as  shown  by  Fig.  328, 
fix  an  iron  band  under  this  flange,  and  have  two 
or  three  fin.  galvanised  wrought-iron  stay-rods 
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fixed.  The  bottom  ends  of  these  being  worked 
out  flat  and  fastened  with  copper  screws  to  the 
roof  or  parapet.  In  the  case  of  a  stone  building, 
the  ends  of  these  stay-rods  can  be  fixed  in  the 
usual  way  by  inserting  them  into  dowel  holes 
and  filling  up  the  spaces  with  lead  or  sulphur. 


In  some  cases  where  it  has  been  necessary 
to  fix  these  ventilation-pipes  to  a  greater  height, 
say  10  ft.  or  15  ft.,  it  is  advisable  to  substitute 
copper  for  lead  pipe,  as,  being  lighter  and 
stififer,  the  copper  will  resist  being  bent  by  a 
high  wind  better  than  the  lead.  Galvanised 
iron  has  sometimes  been  used  for  this  purpose, 
but  I  prefer  copper  pipe. 

The  above  remarks  will  apply  to  all  pipes 
that  are  fixed  on  roofs  where  they  have  no  other 
kind  of  support.    Where  it  is  necessary  to  fix  a 
soil  vent-pipe  through  the  projecting  eaves  of 
a  roof,  it  is  a  good  plan  to  fix  a  lead  slate  on 
the  sloping  roof,  with  a  pipe  either  bossed  up 
or  a  separate  piece  soldered  on,  as  described 
when  writing  on  Figs.  306,  307  and  308;  the 
vent-pipe  to  pass  through  this  and   have  a 
bossed  lead  cap  soldered  on  to  keep  out  rain- 
water.   This  is  a  better  method  than  bending 
the  pipe  to  fit  round  the  eaves,  the  shape  of  the 
bend  being  similar  to  the  one  shown  by  Fig. 
317.    It  is  not  necessary  to  make  the  upper 
bends    if    the    pipe    is    to    be  fixed  near 
the  eaves,  in  which  case  a  plain  swan-neck 
bend  is  all  that  is  necessary.    After  passing  the 
vent-pipe  through  the  eaves  of  the  roof,  the 
pipe  is  sometimes  continued  up  the  slope.  To 
make  a  neat  job,  and  also  to  save  making  more 
bends  than  necessary,  one  bend  can  be  made 
on  the  pipe  to  suit  the  slope  of  roof,  and  the 
lead  slate  soldered  on  the  underside  before 
fixing,  the  pipe  and  lead  slate  being  afterwards 
fixed  in  their  position. 

We  have  now  dealt  with  most  of  the  leading 
points  in  connection  with  soil-pipes  and  their 
fixing,  and  will  now  pass  on  to 

Soil  Pipe  and  Trap  Ventilation. 

This  is  a  very  important  part  of  our  subject, 
and  I  purpose  to  deal  with  it  from  a  practical 
point  of  view,  giving  the  results  of  a  great  many 
years  experience  and  thought  on  the  matter. 

To  lead  up  to  our  subject  I  should  like  to  re- 
fer to  the  days  of  my  apprenticeship,  be- 
ginning in  1859.  There  were  no  technical 
schools  then,  or  literature  on  the  subject  of 
plumbing.  If  a  boy  was  to  ask  the  men  any 
questions  he  was  snubbed  and  told  he  was  too 
fast,  so  that  if  he  wanted  to  learn  anything  he 
had  to  keep  his  eyes  and  ears  open  and  mouth 
shut.  The  subject  of  ventilation  of  soil-pipes 
was  a  common  topic  with  the  men  at  that  time. 
Their  technical  school  was  a  tap  room,  their 
blackboard  the  table,  on  which  the  illustrations 
were  drawn  by  means  of  the  fingers  dipped  in 
beer.  Primitive  as  were  the  methods  used  for 
illustrating  the  subject  matter,  the  discussions 
used  to  be  very  animated  and  the  language  at 
times  rather  heated.*  This  would  naturally 
interest  a  youngster  with  an  inquiring  mind. 
"Take  your  rain-water  into  the  top  of  the  soil- 
pipe,"  was  the  doctrine  preached  by  the 
advanced  men.    "What  do  you  want  ventila- 

•  This  was  over  thirty  years  airo.  The  men  of  to-day  are 
of  a  different  stamp  and  better  educated. 
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tion  at  all  for,  I  can't  understand,"  would  be  the 
reply.  "A  4 in.  pipe  was  all  you  wanted,'' 
would  be  advanced  by  someone  who  had 
considered  (?)  the  matter.  The  men  were  not 
alone  in  their  ideas  of  what  was  right.  Archi- 
tects and  others,  under  whom  the  plumbers 
worked,  knew  no  better.  I  may  add  that  there 
are  still  people  in  the  world  who  are  working 
and  advising  according  to  the  knowledge  of  30 
years  ago  and  who  are  staunch  opponents  of  all 
"new-fangled"  ideas.  Why  not  make  the 
rain-water-pipes  act  as  ventilators  to  the  soil- 
pipes?  Because  the  top  ends  of  soil-pipes 
should  never  be  near  any  windows  or  places 
where  the  escaping  bad  air  could  gain  access  to 
the  house.  The  top  end  of  a  rain-water-pipe  is 
always  below  the  eaves  of  the  house,  excepting 
in  certain  cases,  such  as  a  tower  or  a  turret  or 
similar  building  attached  to  a  house.  Hundreds 
of  illustrations  could  be  given,  but  we  will  only 
take  one  or  two  as  examples  of  rain-water- 
pipes  connected  to  soil-pipes.  Our  first  will 
represent  something  like  between  one  and  two 
thousand  houses  built  in  London  squares  by 
what  was  considered  the  leading  firm  of  builders 
40  or  50  years  ago.     Fig.  329  is  a  sketch  side 
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elevation  of  a  dormer  window  of  a  bedroom 
inside  a  Mansard  roof.  N  is  the  soil  and  rain- 
water-pipe with  an  open  head  out  of  which  air, 
as  shown  by  the  arrows,  can  pass  through  the 
dormer  window,  and  also  through  the  floor  of 
the  bedroom,  from  the  rain-water  gutter  which 
runs  to  the  valley  gutter  between  the  front  and 
back  roofs. 

Another  example  of  one  which  is  very 
common  in  suburban  villa  residences  is  shown 
by  Fig.  330.  In  this  case,  O  is  a  rain-water-pipe 
from  the  upper  roof,  the  top  end  of  which  is 
near  a  window.  P  is  an  open  rain  water-head 
which  receives  the  water  from  the  upper  roof, 
also  from  the  roof  over  the  w.c,  and  very  often 


a  bath  and  slop  sink  waste-pipe  besides.  In  a 
case  in  North  London  three  children  had 
diphtheria  in  the  room  to  which  the  uppermost 
arrow  points.  In  this  particular  case  there  was 
no  trap  in  the  main  drain,  so  that  the  escaping 
air  had  passed  directly  from  the  sewers.  The 
people  who  lived  in  the  house  always  "knew 
when  it  was  going  to  rain,  as  the  pipe  outside 
the  window  smelt  bad  just  before." 

In  my  book  "  Plumbing  Practice,"  will  be 
found  several  other  cases  worse,  if  possible,  than 
those  given  above. 

A  pipe  cannot  at  one  and  the  same  time 
answer  two  purposes.  If  rain-water  is 
running  down  the  pipe  air  cannot  very  well 
pass  upwards.    Hence,  when  rain  is  falling,  the 
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ventilation  is  stopped,  so  ihaL  air  will  become 
pent  up  in  the  pipe,  or  probably  the  drains,  and 
burst  through  the  traps  at  the  lower  levels. 

Why  do  soil-pipes  want  ventilating  r  (i)  To 
prevent  the  water  being  syphoned  out  of  the 
various  traps  under  the  w.c's.  (2)  To  relieve 
air  compression  in  the  soil-pipes.  (3)  To  pre- 
vent an  accumulation  of  sewage  gases  in  the 
pipes;  and  (4)  to  prevent  these  gases  corroding 
the  pipes. 

Why  will  not  a  4  in.  pipe  do  to  ventilate  a 
soil-pipe  ?  Because  the  air  must  enter  the  pipe 
at  the  top  at  the  same  speed  that  the  water  falls 
through  the  lower  portion.  This  brings  us  to  the 
question  of  "syphonage,"  which  should  first 
be  considered.  To  make  this  clear,  we  will 
assume  that  the  atmospheric  pressure  on  the 
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earth  is  equal  to  about  1 5  lbs.  on  each  square 
inch  of  surface  This  pressure  is  the  same  on 
all  surfaces  at  the  sea  level  of  the  earth  and 
presses  on  liquids  equally  with  solids.  If  you 
had  a  tube  filled  with  water  the  pressure  on  the 
whole  of  the  surface  of  the  water  would  be  equal 
to  the  area  of  the  surface  in  inches  x  15  lbs.  If 
the  tube  was  bent  to  the  shape  of  the  letter  U 
and  filled  with  water,  it  would  stand  at  the  same 
level  in  both  legs  of  the  tube  because  the 
atmospheric  pressure  is  the  same  on  the  water 
surfaces  in  both  legs.  If  you  were  to  lift  the 
pressure  of  the  atmosphere  off  the  surface  of  the 
water  in  one  leg  of  the  bent  tube  the  water 
would  rise  in  that  leg  and  lower  in  the  other, 
because  the  pressure  of  the  atmosphere  on  the 
exposed  water  surface  would  force  it  down- 
wards. If,  instead  of  the  U  tube  being  filled 
with  water  in  the  position  shown,  it  had  been 
turned  the  other  side  upwards,  thus  H,  and  one 
leg  immersed  in  a  vessel  full  of  water,  the  water 
in  the  outside  leg  would  run  out  by  reason  of  its 
weight,  and  the  water  in  the  vessel  would  be 
pressed  downwards  by  the  atmosphere,  and 
thus  forced  into  the  bent  tube.  This  would 
continue  until  an  equilibrium  was  established 
by  the  water  in  the  bottom  of  the  vessel  being 
reduced  to  the  level  of  that  in  the  outer  leg. 
This  action  is  called  syphonage,  and  the  bent 
tube  a  syphon.  Now  if  you  were  to  make  a 
hole  in  the  top  of  the  syphon  it  would  cease  to 
act  in  the  manner  described.  Air  entering  the 
hole  would  again  reduce  the  atmospheric 
pressure  to  an  equilibrium  in  both  ends  of  that 
part  of  the  tube  outside  the  water  vessel,  and 
also  on  the  surfaces  ot  the  water  in  the  vessel 
and  in  that  part  of  the  bent  tube  which  is 
immersed,  so  that  the  water  would  stand  at  the 
same  level  both  inside  and  outside  that  part  of 
the  syphon.  If  the  hole  was  made  very  small 
the  action  of  the  syphon  would  still  continue, 
but  so  much  water  would  not  be  discharged  in 
a  given  time  as  with  a  syphon  without  the  hole. 
If  a  large  hole  had  been  made  instead  of  a  small 
one  the  action  of  the  syphon  would  have  been 
immediately  destroyed.  We  will  now  proceed 
to  deal  with  a  water-closet-trap  which,  when 
attached  to  a  soil-pipe,  acts  in  a  manner  similar 
to  a  syphon. 

Let  Fig.  331  represent  a  w.c.  trap,  with  a 
short  piece  of  soil-pipe  soldered  on  to  the  out- 
go. The  water  in  the  bag  of  the  trap  being 
quite  level  on  both  sides  of  the  throat  or  dip. 
If  a  small  quantity  of  water  was  thrown  into 
the  trap,  the  same  quantity  of  water  would 
simply  run  out  of  the  trap  and  dribble  down 
the  soil-pipe.  But  supposing  that  a  pailful  of 
water  had  been  emptied  into  the  trap,  so  as  to 
fill  its  bore  or  water  way,  this  water  would  have 
passed  through  the  trap  and  filled  the  bore  of 
the  soil-pipe,  falling,  by  its  weight,  with  a 
velocity  in  proportion  to  the  distance  fallen 
through,  and  pushing  the  air  in  the  soil-pipe 
before  it.  By  displacing  the  air  in  the  soil-pipe 
the  atmospheric  pressure  is  taken  off  the  sur- 


face of  the  water  in  the  trap  at  A  but  not  at  B. 
If  the  trap  is  4  in.  in  diameter,  and  we  measure 
the  water  surface  at  B  we  get  4  in.  by  4  in. 


by  7854  equals  I2"566in.  This  multiplied  by 
15  lbs.,  as  representing  ttie  atmospheric  pres- 
sure on  each  square  inch  of  surface,  gives  us  a 
force  of  nearly  188^  lbs.  pressing  on  the  water 
at  B,  and  literally  pushing  it  out  of  the  trap 
when  the  pressure  is  removed  from  A.  But  the 
whole  of  the  water  is  not  pushed  out.  So  soon 
as  the  water  surface  is  lowered  to  the  level 
shown  by  the  thick  line  the  air  passes  through 
the  trap  and  breaks  the  siphon,  as  it  is  some- 
limes  called,  by  filling  the  vacuum  caused  by 
the  falling  water  in  the  soil  pipe,  displacing  the 
air  in  it.  When  this  occurs  the  atmospheric 
pressure  is  again  reduced  to  an  equilibrium  on 
the  water  in  the  trap.  But  it  is  too  late.  There 
is  not  sufficient  water  left  in  the  trap  to  seal  it, 
and  thus  prevent  air  from  the  soil-pipe  passing 
through.  To  prevent  the  water  being  pusheJ 
out  of  the  trap  it  is  necessary  that  the  atmos- 
pheric pressure  shall  always  be  in  a  state  of 
equilibrium  on  both  sides  of  the  dip  or  throat. 
If  we  were  to  make  a  hole  i  in.  in  diameter  at 
C  this  equilibrium  would  be  established  when 
the  water  in  the  trap  was  in  a  state  of  rest. 
But  if  the  soil-pipe  was  filled  with  water  in  the 
manner  above  described,  or  by  the  usage  of  a 
valve  water-closet  the  equilibrium  of  air  pres- 
sure would  be  disturbed,  and  a  siphonic  action 
would  again  take  place,  but  not  to  quite  the 
same  extent  as  without  the  hole.  If  we 
measure  the  area  of  the  hole,  take  that  as  an 
approximate  basis  to  work  on,  compute  the 
amount  of  air  pressure  that  would  be  exerted 
through  the  hole  to  counteract  that  on  the  water 
surface  in  the  trap  at  B,  and  deduct  it  from  the 
total  pressure  on  the  water  in  the  inlet  side,  we 
can  then  form  some  idea  as  to  the  inequality  of 
the  air  pressure.  To  work  this  out  we  have 
•5  in.  by  -5  in.  by  7854  by  15  equals  2-945  lbs. 
Deduct  this  from  the  i88ilbs.  pressure  on  the 
inlet  of  the  trap,  and  we  have  left  about 
iSsilbs.  of  pressure  forcing  the  water  out  of  it, 
This  must  not  be  taken  ac  being  exactly  correct 
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because  there  are  other  details  which  should  be 
considered,  but  to  work  them  all  out  would  only 
tend  to  confuse.    This  argument  is  given  as  a 
simple  method  of  arriving  approximately  at  the 
facts  of  the  case.    To  follow  the  same  line  of 
reasoning,  and  assume  that  the  hole  at  C  had 
been  2  in.  in  diameter,  we  find  that  with  a  hole 
of  this  size  there  would  still  have  been  a  pres- 
of  about  141  i  lbs.  on  the  inlet,  over  and  above 
that  on  the  outlet  end  of  the  trap  during  the 
time  the  water  was  falling  down  the  soil  pipe. 
If  the  hole  C  had  been  made  3  in.  in  diameter 
the  pressure  of  air  on  the  inlet  end  of  the  trap 
would  have  been  reduced  by  the  counterbalance 
to  about  82|lbs.  on  the  entire  surface.  By 
making  the  hole  4  in.  in  diameter,  or  equal  to  the 
area  of  the  water  surface  in  each  side  of  the 
trap,  we  then  have  the  atmosphere  pressing 
equally  on  each  side,  and  this  pressure  is  nearly 
constant,  whether  the  soil-pipe  is  filled  with 
water  flowing  downwards   through  it  ?r  not. 
There  is  a  certain  amount  of  friction  which  will 
retard  the  velocity  of  the  air  passing  through 
the  hole  C  in  the  trap,  but  this  we  need  not 
take  any  notice  of,  as,  in  practice,  the  air  that 
pushes  the  water  out  of  the  trap  has  to  pass 
through  the  opening  in  the  bottom  of  the  W.C. 
basin,  which  is  considerably  less  than  4  in.  in 
diameter. 

But  we  cannot  leave  an  opening  on  the  outgo 
side  of  the  trap,  as  the  air  from  the  soil-pipe 
would  escape  at  that    place,   and   the  trap 
would  no  longer  be  of  any  use.    It  is  necessary, 
therefore,  to  fix  a  pipe  from  this  opening  to 
some  position  where  what   escaped   from  it 
would  do  no  harm.    The  position  of  the  ends 
of  these  pipes  has  been  dealt  with  in  an  earlier 
lecture,  so  we  have  only  to  deal  with  the  sizes 
of  the   pipes.     Air,  to  a  certain   extent,  is 
similar  to  water  when  passing  through  P'pes  or 
tubes  in  that  it  rubs  against  the  sides,  and  the 
consequent  friction  retards  the  velocity.    If  a 
i  in.  pipe  of  a  certain  length  had  been  soldered 
over  the  hole  C  in  the  trap,  Fig.  331.  so  much 
air  would  not  have  passed  in  the  same  time  as 
through  the  holes.    If  the  i  in.  pipe  was  of  a 
considerable  length,  and  had  bends  in  it,  this 
friction  would  so  retard  the  velocity  of  the  air 
as  to  render  the  pipe  quite  useless  when  water 
was  falling  down  the  soil-pipe,  although,  when 
no  water  was  falling,  the  ^in.  pipe  would  be 
quite  large  enough  to  restore  an  equilibrium  ot 
atmospheric  pressure  on  the  outlet  side  of  the 
trap  with  that  on  the  inlet,  even  when  the  latter 
was  open  to  the  air,  instead  of  being  covered 
with  a  valve  w.c.  apparatus.    The  same  argu- 
ments apply  to  pipes  of  all  sizes  up  to  that  of 
the  soil-pipe.     It  has  been  shown  that  with 
open  holes  on  the  trap  outlet,  siphonage  will 
take  place,  more  or  less,  when  they  are  under  a 
certain  size,  and  the  addition  of  ventilation 
pipes  does  not  improve  matters,  bat  to  the  con- 
trary.    We  need  not  dwell  upon  all  the  smaller 
sizes,  but  proceed  to  deal  with  those  equal  in 
eiie  with  the  soil  pipes.    As  4  in.  soil-pipes  are 


the  commonest  in  use  we  will  consider  their 
ventilation,  still  dealing  with  them  in  respect  to 
trap  siphonage.  For  an  example  we  may  com- 
pare the  4  in.  vent-pipe  with  one  i  in.  in 
diameter. 

Assuming  the  soil-pipe  to  be  4  in.  in  diameter 
and  the  vertical  part  10  ft.  long,  the  total 
capacity  of  that  pipe  is  equal  to  a  column  of  air 
10  ft.  long  by  4  in.  in  diameter.     The  water 
that  passes  though  the  pipe  may  be  only  equal 
to  2  gals.,  but,  in  falling  through  the  pipe  this 
quantity  displaces  the  whole,  or  nearly  so,  of 
the  air  in  the  pipe,  and  the  air  that  enters 
through  the  ventilation  must  equal  that  dis- 
placed.   A  small  size  vent-pipe  would  do  this 
but  for  the  necessity  of  getting  the  air  in  at  the 
same  speed  that  it  is  displaced  by  the  falling 
water.    This  can  only  be  done  by  having  the 
vent  pipe  the  same  size  as  the  soil  pipe.  Sup- 
posing, as  an  experiment,  we  were  to  fix  a 
i  in.  ventilating  pipe  and  kept  adding  similar 
pipes  until  we  got  the  desired  result.    We  can- 
not do  this  practically  on  paper,  but  we  can 
make  calculations  and  thus  arrive  at  the  same 
results   by   that   means.    If  we   square  the 
diameter  of  a  i  in.   pipe   that  by  78S4  we 
find  that  the  area  is  -19635  inch.    By  a  similar 
method  we  find  that  the  area  of  a  4  in.  pipe  is 
12-5664  inches.     Divide  this  by  the  other 
dimension  and  we  find  that  a  41"-  P'Pe  is  equal 
to  sixty-four  i  in.  pipes.    But  sixty-four  4  in. 
pipes  would  not  allow  so  much  air  to  pass 
through  in  a  given  time  as  one  4  in.,  assuming 
them  to  be  the  same  length,  because  of  the  extra 
amount  of  friction  through  the  4  in.    This  we 
can  find  by  calculating  the  internal  surfaces  of 
the  pipes.    If  we  multiply  the  diameter  of  the 
4  in.  pipe  by  3-1416  we  get  a  total  superficial 
inside  area,  assuming  the  pipe  to  be  i  ft.  long,  of 
nearly  158-8  square  inches,  which  the  passing 
air  rubs  against.    By  a  similar  method  we  find 
that  the  internal  surface  of  sixty-four  i  in.  pipes, 
each  I  ft.  long,  is  equal  to  nearly  1206-4  square 
inches.    By  working  this  out  we  find  that  by 
substituting  sixty-four  i  in.  pipes  for  one  4  in., 
the  rubbing  surface,  over  which  the  air  passes, 
is  increased  by  800  per  cent,  and  this  is  a  very 
serious  item.    I  am  not  in  possession  of  the 
actual  facts,  but  assuming  that  friction  retards 
the  velocity  of  the  air  passing  through  the  pipes 
to  the  extent  6f  from  5  to  10  per  cent,  the  above 
figures  will  show  the  necessity  of  having  large 
size  vents  to  soil  pipes,  and  also  showing  that 
theory  squares  with  practical  experience  on  this 
matter. 

We  have  now  arrived  at  the  next  stage  which 
is,  what  influence  has  length  of  soil-pipes  to  do 
with  their  ventilation?  This-water  falling 
down  a  soil  pipe  does  so  at  the  same  speed  as 
ordinary  falling  bodies,  minus  the  amount 
represented  by  the  friction  of  the  water  against 
the  sides  of  the  pipes  added  to  the  air  lesistance 
which  increases  as  it  becomes  more  and  more 
compressed  before  the  falling  water.  After 
allowing  for  these,  we  shall  find  that  the  I  -nger 
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the  vertical  stack  of  soil  pipe  the  quicker  will  be 
the  velocity  of  the  falling  water  through  it,  and 
air  must  enter  through  the  vent  pipe  at  the 
same  speed  to  keep  the  water-seal  of  the  trap 
intact. 

What  effect  has  length  of  vent  pipe  on  the 
resistance  to  trap  siphonage  ?  If  we  assume 
that  for  an  average  length  of  vent  pipe  the 
velocity  of  the  air  passing  through  it  is  retarded 
to  the  extent  of  8  per  cent,  it  follows  that  where 
long  vent  pipes  are  used  the  air  cannot  pass 
through  as  quickly  as  it  is  wanted  with  the 
result  that  a  portion  will  pass  through  the  trap, 
pushing  out  the  water  in  it,  to  gain  access  to  the 
partial  vacuum  in  the  soil-pipe.  We  might  take 
an  extreme  case  where  the  ventilating  pipe 
was  so  long  that  friction  would  cause  the  air 
to  travel  so  slowly  as  to  be  entirely  useless 
for  preventing  trap  siphonage.  In  these 
extreme  cases  it  may  be  found  necessary  to  fix 
the  ventilating  pipes  twice  the  size  of  the  soil 
pipes.  For  instance,  a  4  in.  soil  pipe  with  100  ft. 
of  ventilating  pipe  may  require  the  latter  to  be 
6  in.  in  diameter,  the  relative  sizes  of  the  pipes 
being  as  16  is  to  36.  The  6  in.  being  two  and 
a  quarter  times  larger  than  the  4  in.  pipe. 

Hitherto  we  have  dealt  with  the  pipes  under 
the  assumption  they  were  perfectly  straight.  But 
in  practice  we  very  rarely  meet  with  such  cases. 
We  generally  have  to  make  bends  in  the  pipes. 
These  bends  retard  the  velocity  of  the  passing 
air  in  proportion  to  their  sharpness,  hence  the 
necessity  of  making  long  easy  bends,  both  in 
the  soil  and  vent  pipes  as  described  when  writing 
on  soil  pipes  and  as  shown  by  Figs.  284  and  285. 

When  cowls  are  fixed  on  the  top  ends  of  soil 
vent  pipes,  these  cowls  should  not  be  so  con- 
structed as  to  prevent  air  being  sucked  down 
through  them  when  water  is  falling  down  the 
soil  pipe.  It  may  be  further  said  that  cowls 
ought  never  to  be  fixed  on  soil  vent  pipes  as,  in 
addition  to  the  extra  friction  they  cause,  the 
passing  wind  impinging  againt  the  cowl,  assum- 
ing it  is  a  good  one  as  an  air  exhauster,  will,  to 
a  certain  extent,  prevent  air  being  drawn 
through  it  to  fill  the  partial  vacuum  in  the  soil 
pipe  when  it  is  being  used.  To  illustrate  this, 
we  will  take  the  dip,  or  water-seal  of  a  \v.c. 
trap  as  being  from  i  in.  to  i^in.,  representing 
a  resistance  to  air  pressure  of  lo-ioths  to 
15-ioth  inches.  If  the  cowl  is  a  very  good  one 
and  has  a  power  equal  to  2-ioths  or  3-ioths, 
the  pulling  force  of  the  cowl  would  partially 
unseal  the  trap  in  a  case  where  the  ingress  of 
air  into  the  bottom  end  of  the  soil  pipe  was 
impeded  by  any  means.  Some  cowls  would 
have  sufficient  power,  during  a  high  wind,  to 
break  the  water-seal  of  a  trap  should  the  bottom 
end  of  the  soil-pipe  not  be  provided  with  an  air 
'inlet  opening. 

It  is  not  always  safe  to  leave  the  soil  vent 
pipes  open,  as  birds  will  place  obstructions  in 
them  in  the  endeavour  to  build  their  nests. 
Leaves  will  also  drift  into  the  open  ends.  A 
plain  wire  grating — copper  is  the  best — of  a 
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good  size,  should  be  fixed  on  the  ends  of  the 
pipes  as  shown  by  Fig.  332.  I  have  found  cases 
v/here  T-ends  have  been  made  on  the  tops  of 
the  pipes  and  brass  gratings  soldered  in  the 
ends  as  shown  by  Fig.  333.  This  is  a  very 
poor    arrangement,    as    the   gratings  form 
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serious  obstructions  to  the  free  passage  of  air 
through  them.  Another  stupid  arrangement, 
as  shown  by  Fig.  334,  is  often  found.  To 
explain  this  I  will  take  a  case  of  one  seen  at 
Kensington.  The  pipe  was  4  in.,  and  had  six 
rows  of  holes  \\  in.  apart  and  Jin.  in  diameter. 
So  we  have  8  by  6  by  •2i;2  by  7854  divided  into 
42  by  7854  and  we  find  that  the  aggregation 
of  small  holes  was  equal  in  area  to  rather  less 
than  i-5th  of  the  4  in.  pipe.  Further  comment 
on  this  is  unnecessary.  In  this,  and  previous 
cases  I  have  reduced  the  areas  of  holes  and 
pipe,  when  working  them  out,  to  their  actual  size, 
but  it  is  not  always  necessary  to  do  so  in  these 
examples.  The  shortest  way  of  calculatmg  the 
last  problem  is  42  '252  by  6  by  8,  which 
gives  the  same  results  as  before.  I  find  it  best 
in  the  class-room  to  work  out  such  problems  by 
the  longer  method  for  the  sake  of  practice  for 
the  students,  and  also  to  avoid  a  multiplicity  of 
rules  which  often  defeats  the  object  in  view, 
that  is,  of  having  as  few  rules  as  possible  and 
thus  saving  confusion  in  the  minds  of  those  who 
have  a  difficulty  in  following  the  lecturer. 

We  will  now  continue  our  subject  by  taking 
a  stack  of  soil  pipe  which  has  three  water- 
closets  attached  to  it.  The  closets  being  fixed 
singly  on  the  first,  second,  and  third  floors  of  a 
house,  the  traps  and  soil  pipe  being  as  ,  shown 
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by  Fig.  335,  both  ends  of  the  vertical  pipe  being 
open  so  that  air  can  freely  enter  or  pass  out- 
wards at  either  end.  Before  explaining  the 
various  actions  that  take  place,  it  will  be 
necessary  to  consider  for  a  moment  the  two 
elements  which  have  to  be  dealt  with— namely, 
water  and  air.  Water  is  an  element,  which  if 
kept  at  one  temperature  is,  comparatively 
speaking,  neither  compressible  nor  expansible. 
Air  is  an  element  which  can  be  compressed 
into  a  smaller  space  than  that  it  originally  filled, 
or  can  be  rarefied  or  expanded,  until  it  occupied 
a  much  larger  space.  It  is  important  to 
remember  this  in  the  problem  before  us. 

Supposing  that  a  pailful  of  water  was  thrown 
down  the  basin  A.  The  falling  water  in  the 
vertical  pipe  would  drive  the  air  before  it,  but 
this  air  would  become  compressed  to,  perhaps, 
8-ioths  of  its  original  bulk  in  the  pipe  between 
a  and  b  before  the  air  in  the  lower  portion  of  the 
pipe  was  set  in  motion.  The  result  would  be, 
that  the  water  in  the  trap  B  would  rise,  in  the 
inlet  side,  from  i  to  i  of  an  inch,  and  in  about 
i  to  S  of  a  second  afterwards  the  trap  C  would 
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be  similarly  affected  by  the  slightly  extra 
pressure  from  the  air  inside  the  vertical  pipe. 
But  after  the  water  from  A  has  passed  the 
branch  b,  a  contrary  action  of  the  air  lakes 
place.  Air  passing  in  at  the  top  of  the  vent 
pipe  at  d  is  slightly  retarded  by  friction 
against  the  sides  of  the  pipes,  with  the  result 


that  it  is  rarefied,  mostly  so  close  to  the  falling 
water,  and  in  the  attempt  to  regain,  or  keep,  its 
original  bulk  would  take  off  some  of  the 
pressure  on  the  surface  of  the  water  on  the  out- 
let side  of  the  trap.  So  we  find  the  water  in 
the  trap  is  first  pushed  from,  and  then  drawn  into, 
the  soil  pipe,  with  the  result  that  a  vibration  is 
set  up.  Although  the  water  may  not  actually 
be  siphoned  out  of  the  trap,  the  above  motion 
will  cause  a  considerable  quantity  to  "wave 
out,  as  it  is  commonly  called,  so  that  the  trap  is 
not  properly  water  sealed.  The  event  described 
as  taking  place  on  the  trap  B  would  also  occur 
on  that  at  C,  and  if  continually  repeated  would 
in  the  end,  result  in  the  lower  traps  having  the 
water  levels  so  reduced  as  to  almost  break  the 
seals,  even  when  the  soil  and  vent  pipes  are  of 
the  same  size  and  have  open  ends. 

If  a  pailful  of  water  was  thrown  down  the 
trap  B  similar  results  to  the  above  would  occur 
to  the  trap  C,  but  to  a  slighter  extent  on  that  at 
A  as  the  only  air  compression  that  takes  place 
on  the  trap  is  from  the  air  driven  out  of  the 
branch  pipe  b.  This  air  is  driven  into  the 
vertical  pipe,  some  going  upwards  and  sonie 
downwards,  thus  compressing  that  already  in 
the  pipe. 

This  action  only  occurs  for  a  fraction  of  a 
second,  but,  nevertheless,  it  should  not  be  dis- 
regarded. If  the  experiments  had  been  tried 
with  "valve  "  closets  of  the  Bramah  pattern,  the 
results  would  have  been  nearly  the  same  as  with 
the  pailsful  of  water.  It  is  unnecessary  to  go 
ao-ain  through  the  question  of  the  sizes  of  the 
soil  vent  pipes,  but  I  may  add  that  without 
vent  pipes  or  with  vent  pipes  of  a  too  small 
size,  and  traps  similar  to  Figs.  268  and  331,  the 
greater  half  of  the  water  would  have  been 
siphoned  out  of  the  traps  in  the  experiments. 

I  have  endeavoured  to  explain  certain  actions 
that  take  place  on  the  traps  when  the  W.C  s  are 
used,  and  now  propose  to  deal  with  the  methods 
adopted  by  several  leading  sanitary  plumbers  to 
prevent  the  evils  pointed  out.    The  reader  is  re- 
ferred to  the  dotted  lines.  Fig.   335.  which 
represent  branch  ventilation  pipes.  These  pipes 
have  a  treble  use.     First,  to  prevent  the  branch 
soil  pipe  acting  as  the  long  leg  of  a  siphon  and 
drawing  the  water  out  of  the  trap  ;  second,  to 
relieve  air  compressio.i  when  water  is  falling 
down  the  vertical  soil  pipe  ;  third,  to  prevent  an 
accumulation  of  carbonic  acid  gas,  in  that  part 
of  the  pipe,  which  acts  as  a  corroding  apent  on 
the  metal  used  for  the  pipe.    I  may  add  that 
watery  vapor  will  condense  on  the  upper  side  ot 
the  slanting  soil  pipe,  and  this  condensed  water 
is  as  injurious  to  lead  as  the  above  named  gas, 
but  a  current  of  air  will  carry  this  vapor  away. 
Seme  plumbers  will  fix  1  in.  and  others  li  in. 
trap  vent  pipes,  but  in  practice  I  find  that  they 
should  never  be  less  than  2  in.  in  diameter,  and 
in  extreme  cases,  of  very  high  buildings,  a  stack 
of  4  in.  tran  vent  pipe,  with  2i  in.  or  3  in. 
branches  to  the  trap  is  only  just  large  enough  to 
prevent  the  water  seals  of  the  traps  being  broken 
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either  by  siphonage  or  air  compression,  even 
when  the  soil  pipe  had  a  vent  pipe  of  equal  size. 
This  has  arisen  from  the  usage  of  two  or  three 
w.c's  at  the  same  instant  of  time,  the  falling 
water  from  each  forming  a  kind  of  plug,  in  the 
vertical  pipe,  which,  in  passing  the  branches, 
covered  the  ends  of  them  and  thus  rendered 
them  useless  as  vent  pipes.  Let  Fig.  336 
represent  a  stack  of  soil  pipe  for  a  nine  storied 
building,  with  a  2  in.  stack  of  trap  vent  pipe  and 
2  in.  branches  to  the  traps.  Ifthe  W.C.'s  D,Eand 
F  were  used  at  the  same  instant  of  time,  the  three 
plugs  of  water  falling  down  the  soil  pipe  would 


so  disturb  the  ventilating  arrangements  &i  to 
upset  all  calculations  on  the  matter.  In  this 
case,  if  the  arrows  were  to  represent  the  plugs 
of  falling  water,  it  would  be  found  that  the 
arrow  under  D  would  increase  in  speed  as  it 
fell,  thus  pushing  the  air  before  it.  The  aii 
escaping  out  of  the  branch  trap  vents  until  the  plug 
arrived  at  a  certain  stage  when  the  air  currents 
would  be  so  suddenly  reversed  that  the  water 
in  some  of  the  traps  would  either  be  knocked 
out  through  the  W.C.'s  by  air  compression  or 
drawn  out  by  siphonage. 

The  remedies  are  two.  Either  increase  the 
stack  of  vent  pipe  to  4  in  and  have  2J  in.  or 
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3  in.  branches  to  the  traps,  or  increase  the  size 
of  the  vertical  stack  of  soil  pipe,  so  that  the 
falling  water  would  not  fill  it  full  bore,  and  thus 
allow  some  of  the  air  to  escape  past.  In  this 
case  the  water  would  trickle  down  the  sides  of 
the  soil  pipe  to  a  certain  extent,  the  remainder 
of  the  water  falling  like  rain.  This  would  re- 
sult in  an  incrustation  forming  inside  the  soil 
pipe,  as  the  passing  matter  would  not  rub  against 
the  sides  with  sufficient  frictional  force  to  keep 
them  clean. 

Some  plumbers  will  carry  a  ventilation  pipe 
fiom  the  trap  into  the  soil  pipe  as  shown  at 
X,  Fig.  337.  This  answers  very  well  for  a  case 
where  there  is  only  one  W.C.  on  the  soil  pipe, 
or  for  the  top  w.c.  as  shown  at  Z  in  the  Fig. 
But  for  the  lower  W.C.  at  Y,  the  pipe  is  per- 
fectly useless  for  either  relieving  air  compres- 
sion or  preventing  a  siphonic  action  on  the 
water  in  the  lower  trap.  On  using  the  upper 
w.c,  the  air  is  driven  downwards  and  would 
pass  as  shown  by  the  double  headed  arrow  into 
the  trap  vent  as  well  as  down  the  soil  pipe,  and 
thus  press  on  the  air  in  the  trap.  To  prevent 
this  it  is  necessary  to  fix  the  vent  pipe  as  shown 
by  the  dotted  lines  in  Fig.  335. 

In  some  cases  the  trap  vent  pipes  have  been 
carried  through  the  walls  as  shown  by  Fig.  338, 
This  method  is  all  that  can  be  desired  as  a 
preventive  against  air  compression  in  the  pipes, 
and  water  siphonage  out  of  the  traps,  but  the 
air  driven  out  of  the  open  ends  of  these  pipes 
has  been  found  to  be  so  very  offensive  that  they 
have  had  to  be  continued  to  other  and  more 
suitable  places.  That  is,  the  alterations  made 
to  the  pipes  have  made  the  ventilation  system 
similar  to  that  shown  by  Fig.  335. 

The  position  of  the  connection  of  the  trap 
vent  pipe  with  the  branch  soil-pipe  requires  a 
little  consideration,  I  find  it  to  be  a  common 
practice  to  solder  the  vent-pipe  onto  the  top 
of  the  trap  at  A,  Fig.  338A.  For  reasons 
that  have  been  given  this  would  seem 
to  be  the  right  thing  to  do.  It  may  be 
added  that    a   further    advantage    of  thus 


Fig.  338A. 

connecting  the  vent-pipe  is  this  :  As  there  is 
some  considerable  difficulty  in  keeping  sufficient 
water  in  a  round  pipe-trap,  as  described  when 
writing  on  Fig.  268,  the  vent-pipe  fixed  over  the 


outlet  of  the  trap  acts  in  such  a  way  that  the 
water  which  sometimes  rushes  up  this  pipe  after- 
wards falls  back  into  the  trap  to  leplace  that 
which  has  passed  down  the  soil-pipe  by  momen- 
tum.   But  this  only  occurs  when  the  work  is 
newly  done.    Each  time  the  w.c.  is  used,  the 
film  floating  on  the  water  in  the  trap  is  washed 
up  the  vent-pipe,  so  that  in  time  the  end  of  this 
pipe  becomes  partially  or  wholly  choked,  when 
it  is  no  longer  of  any  use  whatever.  Further 
objections  to  this  way  of  connecting  the  trap 
vent-pipe  are  as  follows.    A  current  of  dry  air 
passing  over  the  surface  of  the  water  on  the 
outlet  side  of  the  trap,  will  cause  some  of  the 
water  to  pass  away  by  evaporation.    If  the 
closets  are  in  daily  use  this  does  not  much 
matter,  as  the  waste  of  water  is  being  continually 
replaced  by  the  usage  of  the  w.c    But  when 
houses  are  occupied  for  only  a  portion  of  the 
year,  or  the  W.C.'s  are  fixed  in  apartments  which 
are  used  only  on  rare  occasions,  the  evil  becomes 
serious.    I  have  found  this  evaporation  of  water 
out  of  traps  to  occur  in  a  great  many  instances. 
If  a  current  of  icy  cold  air  was  passing  through 
the  soil  and  vent-pipes,  and  came  into  contact 
with  the  water  in  the  trap,  there  would  be  a 
liability  ofthe  water  becoming  frozen.    To  over- 
come the  above  evil  results  it  is  advisable  to 
connect  the  trap  vent-pipe,  as  shown  by  dotted 
lines.  Fig.  338.    The  same  principle  as  applied 
to  branch  waste-pipes,  is  shown  by  Figs.  102 
and  103  in  an  earlier  lecture. 

The  above  remarks  apply  to  w.c-traps  when 
fixed  beneath  the  floors,  where  they  may  be 
said  to  be  beyond  atmospheric  influences  on 
the  outside  of  the  traps,  tending  to  evaporate 
the  water  out  of  them.  A  great  many  W.C.  basins 
and  traps  are  nowadays  fixed  above  the  floor 
line  and  have  plain  rim  seats,  but  no  enclosures. 
Wc's  thus  fixed  very  soon  have  the  water 
evaporated  out  of  them,  in  cases  where  they  are 
not  frequently  used,  by  the  warmth  of  the  sur- 
rounding air,  acting  not  only  on  the  exposed 
water  surfaces  in  the  traps,  but  on  the  outsides 
of  them.    This  can  be  prevented  by  fixing 
special  pipes  and  drip  cocks  to  the  w.c.  s,  so 
that  water  is  constantly  dripping  into  the  basins. 
Or,  perhaps,  some  manufacturer  will  take  the 
hint  and  make  a  flushing  cistern  suitable  for  the 
purpose,  and  arrange  for  a  kind  of  "  weeping 
attachment  to  the  cistern,  so  that  a  dribble  of 
water  is  constantly  running  into  the  W.C-trap. 
If  this  were  done,  a  "safe,"  or  impervious 
flooring,  with  a  fall  towards  one  corner  and  a 
wasle-pipe  from  it  to  the  outer  air,  should  always 
be  fixed  in  case  the  trap  got  choked  by  any 
means  and  an  overflow  of  the  basin  was  to  take 
place  by  reason  of  the  water  dribble.    If  this 
should  come  into  general  practice  it  would  be- 
come necessary  to  fix  the  soil-pipes  inside  the 
house,  so  as  to  avoid  an  ice  blockage  in  the  pipe 
during  frosty  weather.    If  there  is  no  water  in 
the  trap  of  the  w.c,  and  the  soil-pipe  is  con- 
nected with  the  drains,  the  air  from  the  drains 
can  then  pass  into  the  house.    This  brings  us 
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to  the  problem  of  fixing  a  trap  at  the  foot  of  the 
soil-pipe,  its  advantages  and  disadvantages. 

Trappincr  Soil  Pipes. 

The  disadvantages  of  trapping  soil-pipes  at 
the  bottom  end  are  as  follows.  First — Every 
trap  IS  an  impediment  to  the  free  flow  of  sewage. 
Second — Every  trap,  no  matter  how  small,  is  a 
filth  holder.  Certain  matters  may  be  washed 
out  of  a  good  form  of  w.c-trap,  but  it  generally 
requires  a  second  flush  to  force  the  same 
matters  through  a  second  trap  at  the  bottom 
end  of  the  soil-pipe.  Third — It  has  been  said 
that  the  water  in  a  soil-pipe-trap,  with  an  open 
grating  over  the  top,  is  liable  to  become  frozen 
in  the  winter  time,  but  this  I  never  knew  to 
occur  in  my  own  experience.  Fourth — By 
trapping  the  soil-pipes  from  the  drains,  it  be- 
comes necessary  to  fix  special  drain  ventilation- 
pipes.  Fifth — Any  bad  air  driven  out  of  the 
bottom  end  of  a  soil-pipe  escapes  out  of  the 
trap  grating,  if  it  is  an  open  one.  But  for  the 
trap  this  air  would  have  been  driven  into  the 
drains  and  afterwards  carried  away  by  the 
ventilating  air  currents.  This  is  only  an  evil 
where  the  w.c's  are  not  much  used.  Under 
ordinary  conditions,  where  all  fittings  are  in 
constant  use,  and  the  sewage  flows  away  before 
decomposition  sets  in  there  is  no  bad  air  to  be 
objectionable.  The  great  advantage  of  a  trap 
at  the  bottom  end  of  a  soil-pipe  is  this,  should 
the  water  evaporate  out  of  a  w.c-trap,  as  above 
described,  the  second  trap  prevents  drain-air 
getting  into  the  soil-pipe  to  afterwards  escape 
through  the  w.c.  trap  into  the  house.  Under 
these  conditions  the  soil-pipe-trap  becomes  a 
necessity.  A  second  reason,  which  only  applies 
to  large  mansions  or  buildings,  with  several 
stacks  of  soil-pipe,  is  that  a  guarantee  cannot 
be  given  that  each  stack  of  soil-pipe  is  pro- 
perly ventilated,  unless  it  is  trapped  off  from  the 
drain,  and  its  own  air  flushing  provided  for, 
independent  of  other  pipes.  As  an  example, 
assume  a  large  house  with  six  stacks  of  soil-pipe, 
all  connected  with  the  drain.  Some  of  these 
pipes  would  have  air  currents  passing  upwards 
and  others  downwards  through  them.  Others 
again,  would  have  the  air  inside  quite  stagnant. 
This  would,  perhaps,  last  for  some  little  time, 
and  then  the  air  currents  would  become  altered 
by  '.the  water  discharges  down  the  pipes.  It 
may  be  argued  that  it  does  not  matter  if  the 
air  comes  down  one  pipe,  and  passes  through 
a  portion  of  the  drainage  and  up  another  pipe, 
so  long  as  it  is  in  motion.  But  it  must  be  much 
better  if  air  is  always  passing  upwards  through 
each  and  all  of  the  pipes.  And  then,  again,  it 
frequently  happens  that  the  top  end  of  the  soil- 
vent-pipe  cannot  be  fixed  in  a  position  where  it 
would  do  no  harm.  In  these  cases  a  trap  at  the 
foot  of  the  soil-pipe  would  prevent  the  whole  of 
the  drain  aiir  being  discharged  through  the  soil- 
pipe  vent.  Cases  have  occurred  where  it  was 
an  economy  to  trap  the  soil-pipe  from  a  w.c.  on 
the  ground  floor,  and  thus  save  an  expensive 


stack  of  ventilating  pipe  to  the  roof  of  a  very 
high  building.  Fig.  339,  is  one  example  out 
of  several  that  could  be  given,  where  the  w.c. 
has  been  placed  in  an  addition  built  to  a  house, 
but  some  little  distance  away  from  it.  By 
trapping  the  soil-pipe  before  it  entered  the 
drain,  it  is  only  necessary  to  carry  the 
ventilation-pipe  through   the  wall  as  shown 


Fig.  339- 


in  the  figure.  If  the  vent-pipe  had  been  con- 
tinued to  the  roof  of  the  main  building  it  would 
have  looked  unsightly  and  the  cost  would  have 
been  considerable.  Or,  if  it  had  been  continued 
to  the  roof  over  the  w.c,  the  air  escaping  from 
the  vent-pipe  would  perhaps  have  entered  the 
window  shown  in  the  figure.  I  may  add  that 
in  cases  of  this  kind,  "  valve  "  w.c's  are  the 
best  to  use  as  they  keep  both  the  traps  and  soil- 
pipes  cleaner  than  any  other  kind  of  apparatus. 

The  question  of  traps  keeping  disease  germs 
from  passing  from  the  sewers  into  the  house 
drains  was  dealt  with  in  an  earlier  lecture,  see 
ante  to  Fig.  220. 

To  a  small  house  with  only  one  stack  of  soil- 
pipe,  I  should  not  think  of  fixing  a  trap  at  the 
bottom  of  it;  but  in  some  other  cases,  not  all, 
it  is  advisable  to  fix  such  a  trap.  From  what 
has  been  written  it  will  be  gleaned  that  in  some 
cases  soil-pipe-traps  are  of  use,  and  in  other 
cases  they  should  not  be  fixed.  Those  cases 
are  a  question  of  judgment  for  the  sanitary 
plumber  to  settle  on  the  spot. 

When  soil-pipes  are  trapped  at  the  bottom 
care  should  always  be  taken  when  selecting 
the  kind  of  trap  to  use.    The  trap  should  not 
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be  too  large  or  the  contents  will  give  oft  bad 
smells  every  time  they  are  stirred  up  by  the 
usage  of  a  w.c.  The  soil-pipe  should  be  so 
connected  to  the  trap  that  what  passes  through 
has  a  tendency  to  keep  the  trap  clean.  A  great 
many  traps  are  so  made  that  they  are  fouled 
inside  by  the  w.c.  discharges  splashmg  over  the 
whole  of  the  internal  surfaces.  In  some  cases 
the  sewage  splashes  so  much  as  to  come  through 
the  grating  over  the  trap  when  one  is  fixed,  or 
into  the  air  ventilating  drain  when  one  is  laid 
to  the  trap  instead  of  a  grating.  Fig.  340, 
is  a  design  for  a  trap  for  the  above  purpose. 
The  discharges  from  the  w.c.  are  directed  into 
the  water  in  the  trap.  If  traps  similar  to  Figs. 
224  to  230,  in  an  earlier  lecture,  are  fixed  at  the 
bottom  of  a  soil-pipe  the  incoming  water  strikes 
the  opposite  side  of  the  trap  at  a  right  angle, 
so  that  some  is  thrown  upwards  and  some  down- 
wards instead  of  being  directed  onto  the  contents 
to  drive  them  out  of  the  trap  into  the  drain. 

For  the  admission  of  fresh  air  to  the  soil-pipe, 
in  a  great  many  cases  an  open  grating  over  the 
soil-pipe  trap  can  be  used  with  impunity,  but 
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sometimes,  especially  when  the  w.c.'s  are  rarely 
used,  smells  are  driven  through  the  grating.  To 
get  rid  of  these  smells,  when  the  trap  is  near 
windows  or  other  objectionable  places,  other 
precautions  have  to  be  taken.  The  simplest 
one  is  to  lay  in  an  air  drain  from  the  trap  to 
some  distant  point,  where  any  air  escaping 
would  not  be  a  nuisance,  and  fix  a  grating  over 
the  end  of  the  air  drain  to  keep  out  vermin.  It 
is  sometimes  a  good  plan  to  hide  the  ends  of 
these  pipes  from  view,  as  squeamish  people  are 
nearly  always  under  the  impression,  even  when 
it  is  not  so,  that  they  can  smell  the  drains  imme- 
diately they  catch  sight  of  a  drain  ventilation- 
pipe.  If  the  end  of  this  pipe  cannot  be  placed 
m  some  unfrequented  spot. 


in  a  shrubbery  or 


similar  position,  a  few  old  tree  roots,  &c,,  can 
be  placed  around  it  and  a  few  ferns,  shrubs  or 
flowers  planted  to  hide  the  pipe  end. 

Where   this   cannot  be  done  the  common 
practice  is  to  fix  a  "mica"  or  "talc"  valve  on 
the  end  of  the  air  inlet-pipe,  and  a  solid  cover 
instead  of  the  grating  shown  at  Z,  Fig.  340. 
The  dotted  lines  in  the  figure  show  the  air  inlet- 
pipe  attached  to  the  soil-pipe  trap  some  dis- 
tance above  the  water  in  it,  so  that  the  end  of 
the  pipe  may  not  become  choked  with  anything 
that  passes  through  the  trap.    This  liability  to 
chokage  is  reduced  by  fixing  the  air  inlet-pipe 
to  the  soil-pipe  just  above  the  junction  with  the 
trap.     The  air  inlet-pipe  should  not  be  less  in 
diame'.er,  nor  made  of  lighter  substance  lead, 
than  the  soil-pipe.    There  are  several  kinds  of 
"mica  air  inlet  valves,"  but  they  all  act  in  the 
same  manner,  in  that  they  allow  air  to  pass 
into  the  soil-pipe,  but  prevent  any  air  escaping 
outwards.    The  valves  used  for  soil-pipes  are 
slightly  varied  in  their  construction.  Generally 
speaking,  they  consist  of  galvanised  cast  iron, 
or  zinc,  boxes  in  which  are  suspended  pieces  of 
mica  or  talc  on  small  wire  hinges.  Gratings 
being  fixed  over  the  valves  to  prevent  injury  to 
them,  and  for  keeping  out  birds  and  any  loose 
matter,  that  may  be  lying  about,  from  drifting 
into  them.     Two  of  the  commonest  kinds  of 
valves  are  shown  in  section  by  Figs.  341  and 
342.     Each   drawing  represents  the  valves, 
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FiG.  341.  Fig-  342. 

shown  by  dotted  lines,  in  a  state  of  rest.  When 
in  this  state  Fig.  34 1  has  the  valve  open,  but 
Y'w.  342  has  the  valve  closed.    When  fixed  to  a 
soil-pipe  both  valves  are  efficient,  and  answer 
their  purpose  very  well,  but  when  fitted  for 
allowing  air  to  enter  the  house  drains  Fig.  342 
is  to  be  preferred.     It  is  always  best  to  take 
every  precaution,  so  that  air  may  pass  through 
the  valves  with  as  little  resistance  as  possible. 
Hence  Fig.  341  is  preferred  by  some  engineers, 
as  the  weight  of  the  valve  keeps  it  open  for  the 
free  entry  of  air  ;  whereas,  in  Fig.  342  a  certain 
amount  of  the  velocity  of  the  air  current  is  re- 
duced in  pushing  the  valve  open.    But  the  same 
rule  applies  conversely,  and  a  certain  amount  of 
air  pressure  inside  the  soil-pipe  is  necessary  for 
closing  the  valve.    When  fixed  to  a  soil-pipe, 
where  violent  disturbances  of  the  air  inside  take 
place,  this  valve  always  closes  properly,  but 
when   fixed  to  horizontal   drains    they  are 
frequently  found  not  to  close  when  a  gentle 
back  pressure  is  exerted.    Drains  have  been 
filled  with  smoke,  and  this  kind  of  valve  has 
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been  found  to  remain  open  and  thus  allow  the 
smoke  to  pass  outwards.  For  this  reason  the 
valve  shown  by  Fig.  342  has  sometimes  an  ad- 
vantage. 

Steam  or  hot  air  in  drains  has  frequently  been 
found  to  get  behind  the  mica  valve  and  press  it 
so  closely  on  to  the  seating  that  all  ventilation 
has  been  arrested  for  a  time,  until  the  steam 
had  condensed,  or  the  hot  air  cooled  to  its  nor- 
mal condition,  when  the  air  currents  have  again 
resumed  their  course  through  the  drains. 

When  soil-pipes  are  trapped  at  the  bottom, 
and  an  open  grating  fixed  over  the  trap,  the  air, 
pushed  downwards  by  the  falling  water,  can 
freely  escape,  but  when  a  mica  valve  is  used 
this  air  becomes  so  compressed  as  to  close  the 
valve  violently,  making  a  noise  so  loud  that  it 
can  be  heard  some  considerable  distance 
away.  The  talc  has  been  broken,  and  I  have 
known  the  front  of  a  valve  to  be  blown  out  by 
this  violence.  To  prevent  the  noise  referred  to 
oiled  silk  has  been  tried,  but  in  practice  it  is 
found  that  the  silk  is  so  soft  as  to  be  forced 
through  the  grated  front  of  the  valve  when  the 
air  behind  has  been  very  much  compressed.  If 
the  bars  of  the  grated  front  are  placed  close 
together,  to  prevent  the  silk  being  forced  be- 
tween them,  the  air  way  is  reduced.  The  air 
way  through  an  air  inlet  valve  should  be  larger, 
rather  than  smaller,  than  the  soil-pipe. 

When  a  mica  valve  is  fixed,  as  above 
described,  it  becomes  necessary  to  fix  a  ventila- 
tion-pipe  from  the  bottom  of  the  soil-pipe,  and 
either  continue  it  separately  to  the  roof,  or  con- 
nect it  to  the  soil-pipe  ventilation  above  the 
level  of  the  branch  soil-pipe  from  the  highest 
W.C.  on  the  stack.  If  the  reader  refers  to  Fig. 
335,  imagines  a  trap  similar  to  Fig.  240  fixed  at 
the  bottom  of  the  soil-pipe,  with  an  air  inlet  and 
mica  valve,  and  the  trap  ventilation-pipe,  shown 
by  the  dotted  lines,  Fig.  335,  continued  down- 
wards and  branched  into  the  soil-pipe  close  to 
the  trap,  he  will  then  understand  what  it  is  in- 
tend to  convey.  When  arranged  in  the  manner 
described  the  air  driven  downwards  in  the 
soil-pipe  can  escape  upwards  through  the  vent- 
pipe.  The  size  of  this  vent-pipe  should  be 
governed  by  the  same  reasons  that  were  given 
in  an  earlier  lecture  on  trap  ventilation. 

Some  engineers  go  beyond  disconnecting  soil- 
pipes  from  drains  and  disconnect  all  the 
branches,  from  the  w.c.'s,  on  the  various  floors, 
from  the  soil-pipe.  The  principle  is  illustrated 
by  Fig.  343.  Instead  of  the  branches  being 
joined  to  the  vertical  stack  of  soil-pipe  they  are 
made  to  discharge  into  open  heads,  as  shown 
in  the  drawing.  In  a  five  storied  building 
seen  some  time  ago,  the  w.c.'s  were  arranged  as 
shown,  at  the  back  of  a  house  in  a  kind  of 
well  hole,  and  the  open  heads  had  10  be  covered 
because  of  the  air  that  escaped  from  them 
smelling  so  badly.  In  theory  the  system 
appears  to  be  very  good,  but  in  practice  it 
has  been  found  objectionable.  Windows  near 
the  soil-pioe  cannot  be  left  open,  because  of 


the  reasons  given  above.  On  using  the  upper 
W.C.  it  will  be  noticed  that  the  discharges  have 
to  pass  through  all  the  open  heads  down  to  ihe 
drain.  This  could  be  modified  by  fixmg  a 
vertical  stack  of  pipe  with  branches  into  it,  and 
the  w.c's  made  to  discharge  into  open  heads 


Fig.  343- 

fixed  on  the  branches.  The  principre  may  De 
good,  to  a  certain  extent,  for  preventing  disease 
germs  getting  into  the  house  by  means  of  the 
soil-pipe,  but  we  must  not  forget  that  we  can 
breath  air  which  is  free  from  specific  disease 
germs,  and  yet  be  made  ill  by  breathing  it.  Or 
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the  tone  of  the  system  can  be  so  lowered  by 
breathing  impure  air  that  a  person  is  rendered 
the  more  liable  to  contract  disease. 

There  is  such  a  thing  as  "  Out-Heroding 
Herod,"  and  believers  in  the  above  system  have 
been  known  to  go  much  further  than  the 
original  introducer.  Fig.  344  is  an  example 
taken  from  an  estate  of  some  hundreds  of 
houses  in  a  West  End  suburb  of  London,  built 
by  a  high  class  (?)  "  speculating  builder."  The 
details  are  as  follows  :  H  is  a  4  in.  light  cast 
iron  soil-pipe.  I  is  a  light  zinc  head,  with  open 
top.  A  is  a  soil-pipe  from  a  w.c.  on  second 
floor,  and  B  from  a  similar  fitting  on  the  first 
floor.  C  is  the  waste-pipe  from  the  safe  under 
the  w.c  D  is  the  overflow-pipe  from  a  cistern, 
E  a  bath  waste,  and  F  the  waste-pipe  from  the 
zinc  safe  under  the  bath.  G  is  the  waste-pipe 
from  a  washhand  basin,  and  K  the  rain  water- 
pipe  from  a  bay  window.  None  of  the  fittings 
or  waste-pipes  have  any  traps  to  them,  and  the 
two  w.c.'s  are  of  the  "pan"  description. 
These  W.C.'s  appeared  to  be  old  ones  that  had 
been  done  up,  the  houses  being  nearly  new. 
From  the  vendor's  language,  when  inspecting 
one  of  these  houses,  I  thought  one  of  our  lead- 
ing architects  had  designed  them,  but  a  few 
moments'  thought  lead  to  the  conclusion  that  it 
was  a  gross  libel. 

We  have  now  dealt  with  soil-pipes  so  far  as  it 
is  necessary  for  us  to  go.  Combined  with  traps 
and  their  ventilation  the  subject  is  a  very 
interesting  one,  and  several  more  lectures  could 


be  given  on  it.  The  time  for  that  we  cannot 
afford,  so  we  must  pass  on  to  the  next  in  our 


Fig.  344. 

programme,  namely,  "  Drains  ;  their  sizes, 
materials  and  construction." 


HOUSE  DRAINS;  THEIR  SIZES 

BY  some  people  this  subject  is  considered  as 
being  beyond  the  range  of  plumbers'  work. 
I  maintain  that  as  the  greater  portion  of  the 
sanitary  arrangements  of  a  house  are  fixed  by 
plumbers,  the  plumber  should  be  held  re- 
sponsible for  the  success  of  the  whole  of  the 
work  in  connection  with,  not  only  his  own  part, 
but  that  portion  which  comes  under  the  head- 
ing of  drains.  On  no  account  should  there  be  a 
division  of  responsibility.  I  do  not  say  that  the 
plumber  should  create  any  trade  jealousies  by 
using  the  bricklayers'  trowel.  The  bricklayer 
who  lays  the  drains  should  be  one  who  has  had 
a  special  training  in  drainage.  If  he  is  lacking 
in  that  knowledge  he  is  no  belter  than  an  ordi- 
nary navvy.  I  have  worked  on  buildings 
where  all  the  drains  were  laid  by  ordinary 
labourers  in,  what  could  only  be  called,  a  dis- 
graceful way.  On  other  buildings  I  have  known 
the  drain  layer  to  be  paid  considerably  more 
than  ordinary  bricklayers'  wages,  because  of  his 
special  skill.     In  my  own  experience,  when 


MATERIALS  AND  CONSTRUCTION. 

superintending  sanitary  works,  the  drain  layer 
has  always  been  a  selected  man,  who  was  often 
paid  better  than  ordinary  men.  With  the 
best  of  materials  a  poor  tradesman  fails  to  make 
a  good  job.  This  applies  to  all  crafts. 
Although  drains,  when  laid,  are  out  of  sight,  too 
much  pains  cannot  be  taken  in  their  construc- 
tion. They  may  not  be  seen,  but  under  certain 
conditions  their  existence  is  felt.  Hence  the 
necessity  of  not  only  laying  them  properly,  but 
also  in  arranging  them  to  the  best  advantage, 
and  selecting  the  best  materials  to  use.  On 
large  works  this  is  usually  done  by  a  consulting 
enj-ineer.  But  there  are  thousands  of  jobs 
done,  without  that  supervision,  by  men  who 
have  no  knowledge  whatever  of  sanitary  works, 
who  blunder  along  without  any  thought  or  care 
as  to  the  results  of  their  blundering.  In  survey- 
ing an  old  house  we  expect  to  find  defects  in  the 
drains,  but  in  houses  of  modern  construction, 
and  with  the  present  sanitary  knowledge,  which 
is  supposed  to  be  common  to  all  people  who 
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undertake  drain  laying,  it  almost  amounts  to  a 
crime  to  execute  work  in  the  way  which  is  so 
often  met  with.  The  man  who  is  in  charge  of 
sanitary  works  should  be  well  versed  in  all  their 
details,  so  that  when  superintending  them  he 
will  not  make  any  mistakes.  If  he  is  thoroughly 
master  of  his  business  he  will  not  only  go  right 
when  left  to  himself,  but  will  more  intelligently 
interpret  the  superintending  engineer's  instruc- 
tions when  one  is  appointed  to  arrange  the 
sanitary  system.  To  go  down  into  the  ranks, 
the  same  remarks  apply  to  men  working  under 
a  foreman.  There  is  very  little  doubt  that  these 
are  the  ideas  which  caused  the  authorities  to 
put  "drains"  into  our  syllabus  of  Plumbers' 
Work.  We  will  now  deal  with  drains  for  con- 
veying sewage  from  houses,  but  must  first  con- 
sider what  is  house  sewage.  The  greater  por- 
tion is  water  which  has  been  used  in  the  house 
for  some  useful  purpose,  such  as  cleaning  floors, 
utensils,  &c.,  or  the  bodies  of  the  occupants. 
Some  of  this  water  has  not  changed  its  natural 
properties  to  any  great  extent,  and  can  be  dealt 
with  simply  as  a  liquid.  But  other  portions  of 
the  water  are  used  as  a  motive  power  for  remov- 
ing excreta  from  the  water-closets,  mud,  sand, 
and  such  like  matters  from  yards  and  certain 
sinks,  such  as  those  in  the  scullery  and  kitchen. 
Water  from  these  latter  places  has  a  task  to 
perform,  and  it  will  not  do  that  task  unless  the 
necessary  provisions  are  made  for  concentrating 
its  whole  force  on  the  work  to  be  done.  As  an 
example,  if  a  soil-pipe  was  made  to  discharge 
on  to  a  smooth  pavement  laid  to  a  slight  fall, 
the  water  would  drain  away  to  a  lower  level,  but 
the  solid,  or  semi-solid,  matters  would  be  left 
behind.  But  if  the  same  pipe  was  made  to  dis- 
charge into  a  narrow  channel,  laid  to  the  same 
fall  as  the  pavement,  the  paper  and  other 
matters  would  have  floated  away  on  or  in  the 
water.  If  the  channel  had  been  a  wide  one, 
instead  of  a  narrow  one,  the  same  results  would 
not  have  been  obtained,  as  the  water  would  have 
spread  over  a  larger  area,  the  hydraulic  depth 
would  not  have  been  sufficient  for  floating  the 
other  matters  away,  and  they  would  have 
stranded  on  the  bottom.  This  points  to  the 
necessity  of  water-closet  drains  being  made  as 
small  as  possible,  and  laid  to  a,  what  may  be 
called,  sluggish  fall,  so  that  faeces  and  similar 
matters maybeimmersedinthe water.  Whentest- 
ing  drains  as  to  their  capabilities  for  floating  fasces 
and  paper,  potatoes  can  be  sent  through  them, 
with  a  small  paillul  of  water,  when  the  results 
will  be  approximately  near  the  actual  facts. 

But  when  arranging  for  draining  a  house  we 
must  provide  for  other  matters,  as  referred  to 
above,  from  yards  and  scullery  sinks.  Some  of 
these  matters  are  heavier  than  others,  and  it  is 
not  a  question  of  "floating"  them  away,  so 
■  much  as  having  a  sufficient  velocity  for  the 
water  to  scour  "  them  away.  On  referring  to 
one  of  our  text  books*  on  the  subject  we  find  the 
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velocity  necessary  to  remove  certain  solid  sub- 
substances  to  be  as  under  : — 

River  mud,  semi-fluid 
Brown  pottery  clay... 

Common  clay   

Yellow  sand— loamy 
Common  river  sand 
Gravel,  size  of  small  seeds 

„  „  peas 

„  „  beans 

Coarse  ballast   

Sea  shingle,  about  i  in.  dia. 
Large  shingle 

In  town  houses,  with  paved  courtyards,  we 
get  driftings  from  streets  to  deal  with,  in  addi- 
tion to  the  other  matters  mentioned.  If  we 
assume  that  a  drain  laid  so  that  the  velocity  of 
the  water  through  it  was  sufficient  to  remove 
"common  river  sand,"  we  should  then  have  a 
moderate  fall,  which  would  give  sufficient,  or 
nearly  so,  depth  of  water  in  the  drains  to  float 
lighter  substances,  such  as  fasces,  away.  In 
practice,  this  fall  would  not  answer  at  all  well, 
as  we  find  that,  in  addition  to  those  matters 
that  have  been  named,  we  have  grease  and 
sand  from  the  scullery  and  similar  sinks,  mud 
from  vegetables  when  being  washed,  and  also 
from  roofs  when  the  rain  water  is  discharged 
into  the  sewage  drains.  Some  of  these  matters, 
on  getting  into  the  drains,  so  concrete  together, 
that  it  is  difficult  to  afterwards  remove  the 
accumulation  by  means  of  ordinary  water  dis- 
charges. If  water  were  so  plentiful  that  a  con- 
stant stream  could  be  kept  running  through  the 
drain  the  various  matters  would  be  removed  as 
they  entered,  thus  preventing  the  concreting 
referred  to,  and  a  lesser  fall  would  then  be 
necessary. 

In  practice  it  is  found  that  drains,  which  are 
fairly  well  flushed,  should  not  be  laid  so  as  to 
have  less  fall  than  would  give  a  velocity  of  3  ft., 
or  more  than  4J  ft.,  per  second.  The  following 
tablet  shows  the  velocity  and  discharge  from 
drains  of  the  sizes  which  are  in  most  common 
use : — 


Diameter 

Velocity,  3  ft. 

Velocity  4  J  ft. 

of  pipe. 

per  second. 

per  second. 

Gallons 

Gallons 

Inches. 

Fall. 

per 

Fall. 

per 

minute. 

minute. 

3 

t  in  69 

54 

I  in  30 '4 

8i 

4 

I  „  92 

96 

I  ,,  40-8 

144 

6 

I  „  138 

216 

I  ,,  61 -2 

324 

9 

I  „  207 

495 

I  „  92-0 

742-5 

After  deciding  the  velocity  necessary  for 
keeping  the  drains  clean,  we  want  to  know  the 
sizes  of  the  pipes  to  be  used  in  their  construe 
tion.    In  this  part  of  our  subject  we  find  tha.^ 
theory  and  practice  do  not  work  well  together 
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Not  that  the  theory  is  wrong,  but  in  practice 
the  engineer's  calculaiions  are  frequently  upset 
by  the  drains  being  submitted  to  improper 
usat'e.  On  referring  to  the  table  we  find  that 
a  3  in.  pipe  drain  laid  so  that  the  velocity  of 
discharge  shall  be  equal  to  3  ft.  per  second, 
54  gals,  are  discharged  in  a  minute,  or  3,240 
gals,  in  an  hour.  I  do  not  suppose  that  our 
largest  mansions  or  hotels  use  so  much  water 
as  the  above  quantity  in  the  time  given.  Of 


course,  we  remember  that  water  closets,  baths 
sinks,  &c.,  are  not  constantly  running  water 
into  the  drains,  and  that  the  discharges  into 
them  are  intermittent.     But  we^^n^'J^^r 
very  wide  margin  for  this,  and  then  find  that 
3  in.  drains  are  quite  large  enough  for  any  oidi- 
nary  house,  provided  they  are  used  for  their  in- 
tended purpose  only,  and  not  as  if  they  were 
receptacles  for  all  kinds  of  articles  by  thought- 
less people  or  careless  servants.    If  the  drains 
are  properly   laid,   and    used   for  conveying 
sewage  only  they  very  rarely  need  to  be  larger 
than  3  in.  diameter.    But  there  are  very  few 
houses,  especially  in  sewered  towns,  where  the 
drains  are  so  used.    In  most  cases  the  sewers 
have  also  to  receive  the  rain  fall,  and  the  house 
drains  have  to  convey  all  rain  water,  not  only 


from  the  house,  but  all  buildings  attached  to  it, 
as  well  as  what  falls  on  the  courtyards  and 
areas  surrounding  the  house.    In  these  cases 
the  rain  fall  has  to  be  considered  as  additional 
to  the  house  sewage,  and  has  to  pass  away 
through  the  drain  as  fast  as  possible  to  avoid 
flooding  the  lower  portion  of  the  house.  To 
arrive  at  the  proper  size  for  the  drains  to  be 
.  constructed,  we  will  first  assume,  as  an  example, 
that  Fig.  345  represents  a  terrace  house  with  a 
30  ft.  frontage,  and  the  piece  of  ground  on  which 
it  stands  as  being  100  ft.  long,  from  the  front 
area  wall  to  the  yard  wall  at  the  back  of  the 
house     The  size  of  the  house  is  not  of  much 
importance,  as  rain  waterfalls  on  the  yards  and 
areas  to  the  same  extent,  or  nearly  so  in  ordi- 
nary cases,  as  it  does  on  the  house.  Neither  is  the 
shape  of  the  roofs  necessarily  to  be  considered. 
By  calculation  we  find  that  the  total  area  of  the 
ground  on  which  the  house  stands,  and  includ- 
ing the  areas,  is  s,ooo  superficial  feet.    We  will 
iurther  assume  that  half  an  inch  of  rain  fell  in 
10   minutes.     This   amount   actually   fell  m 
Camden-square,  London,  in  1887.^    To  avoid 
flooding  the  yards,  or  house  basement,  the 
drains  should  be  large  enough  to  take  away 
the  rain  as  it  fell.    One  square  foot  of  surface, 
covered  with  water  to  the  depth  of  half  an  inch, 
represents  a  i  gal.  of  water.    Inour  problem  we 
get  3,000  ft.  X  i  gal.,  which  gives  us  75° 
water  to  get  rid  of  in  ten  minutes,  through  the 
drains.    If  we  refer  to  our  tables  we  find  that  if 
3  in.  drain  is  used,  it  should  have  a  fall  of  about 
I  in  30     If  the  drain  cannot  have  this  fall 
the  size  must  be  increased  to  4  in.  in  diameter 
and  have  a  fall  of  about  i  in.  in  96in.,  which  iS 
the  nearest  our  table  gives  us,  to  get  rid  of  the 
above  quantity  of  water  in  the  stipulated  time. 

If  the  house  is  occupied   and  the  various 
sanitary  fittings  are  being  used  at  the  same 
time  that  the  rain  is  falling,  the  drains  must  be 
lar^e  enough  to  convey  the  whole  of  the  water 
and  sewage  away  as  fast  as  it  pours  into  them. 
But  it  is  not  always  right  to  have  the  drains  just 
the  exact  size  necessary  for  conveying  the  water 
and  sewage  away  to  the  sewers  or  other  outfaU. 
If  all  the  inlets  to  the  drains  are  filled  with 
water,  and  ample  ventilation  not  provided,  or 
provision  made  for  the  pent-up  air  ^  escape, 
The  drains  become  air-bound,  with  the  result 
that  the  air  confined  in  them  will  either  burst 
through    the    traps  fixed  in  the  lower  areas, 
bein"   forced   out  where   there  is   the  least 
resistance  or  head  of  water  over  them,  by  the 
head  of  water  from  pipes  which  come  from  a 
higher  level,  or  simply  dribble  away  in  pro- 
no^  tion  to  the  amount  of  space  formed  by  the 
Sir  being  compressed  to  less  than  ordinary 
volume.    If  this  air  is  compressed  to  halt  its 
bulk  the  water  would  then  fill  or  run  through 
the  drains  at  half-bore.    Where  the  drams  are 
properly  ventilated  by  means  of  specia  P'P« 
left  open  at  both  ends,  the  air  cannot  then  offer 
any  resistance,  and  water  wjllpas^through  the 

t  bymons's  "  liritisli  Kainfall,  1887." 
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drains  at  full  bore.  It  is  not  at  all  uncommon 
to  hear  complaints  of  smells  escaping  from 
drains  during  a  heavy  rainfall,  and  the  above 
remarks  will  doubtless  account  for  this. 

VViih  these  facts  before  us  we  may  conclude 
that  for  small  houses,  say  with  10  to  14  rooms 


FIG  34-6 

and  an  average  amount  of  areas  and  yards — a 
4  in,  drain  i  sufficient  for  most  cases.  For 
town  mansions  of  moderate  size,  5  in.  drains  are 
large  enough  ;  and  for  houses  or  buildings  ot  a 
larger  size,  6  in.  pipes  will  take  away  all  the  water 
that  may  pass  into  them  in  an  ordinary  way. 


FIO  347 

In  these  remarks  it  is  assumed  that  the  drains 
are  properly  constructed  and  nothing  improper 
passes  into  them. 

Public  authorities  generally  stipulate  that  all 
main  drains  from  houses  shall  not  be  less  than 


6  in.  diameter.  In  some  cases  9  in.  are  insisted 
upon; but  with  fair  usage,  5  in.  or  6 in.  are  much 
better,  excepting  in  very  special  cases. 

It  will  not  help  us  in  judging  the  sizes  of 
drains  necessary  for  a  house,  but  the  problem 
will  be  interesting  as  showing  the  relative 
capacity  of  different  pipes  if  we  take  a  case  of  a 
drain  with  branches  as  shown  by  Fig.  346.  Let 
A  represent  a  4 in.  pipe,  B  a  3  in.  pipe,  C  a  2in. 
pipe,  D  a  6  in.  pipe,  and  E  a  4in.  pipe.  Assum- 
ing that  all  these  pipes  are  running  full  bore, 
what  size  should  the  main  drain  be  at  F,  G,  and 
H,  ignoring  the  friction,  which  varies  in  the 
different  pipes  according  to  their  size,  and 
dealing  only  with  their  capacity. 

There  are  two  methods  for  solving  this  pro- 
blem, one  by  figures  and  the  other  graphically. 
The  rule  for  the  first  method  is  :  The  square 
root  of  the  sums  of  the  squares  of  the  diameters 
of  the  pipes  is  the  size  of  the  one  required.  So 
we  proceed  as  follows — 

A  =4  X  4  =16 

B  =3  X  3  =  9 
C  =  2  X  2  =  4 


5  in. 


•39  nearly,  diameter 
of  the  pipe  F. 


103  ^ 
1069  ^ 


400 
309 

•9100 
9621 


Then  29 
+  D  =  6x6=36 


8  \  65  /  8  in.  •o^  nearly,  diameter 


1607 


of  the  pipe  at  G. 


0000 
249 


Then  65 
+  E  =  4  X  4=16 


9  \  81  /  9  in.  diameter  of  the  pipe 
j  81  I,  atH. 


To  proceed  graphically  or  geometrically,  the 
rule  is  as  follows — 

The  hypothenuse  of  a  right-angled  triangle  is 
equal  to  the  square  root  of  the  sum  of  the 
squares  of  the  other  two  sides.  To  work  this 
out  graphically  we  take  two  lines,  placed  at 
right  angles  to  each  other,  representing  in 
length  the  diameters  of  two  pipes,  as  J,  K,  and 
J,  L,  Fig.  347.  J,  K,  being  4  in.  long,  and  J,  L, 
3  in.  long.  A  line  drawn  from  K  to  L  vvill 
represent  the  diameter  of  a  pipe  equal  to  a  4  in. 
and  a  3  in.  combined  in  one.  If  we  then  draw 
a  line  2  in.  long  from  L  to  M,  at  right  angles  to 
K,  L,  and  another  to  one  connect  K,  M.  We 
then  have  the  diameter  of  a  pipe  which  has  the 
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same  capacity  as  a  4  in.,  si"-)  and  2  in.  com- 
bined, and  which  represents  the  diameter  ot 
the  pipe  at  F,  Fig.  346.  On  the  hne  K,  M, 
draw  another  one  at  right  angles,  and  6  m-  ]one> 
as  M,  N,  and  the  line  drawn  to  connect  K,  N, 
is  the  diameter  of  the  pipe  at  G,  Fig.  346.  On  ^ 
K,  N,  Fig.  347,  draw  a  line  4  in.  long,  as  N,  U, 
and  'the  distance  from  K  to  O,  is  the 
diameter  of  the  drain  at  H,  Fig.  346,  and  is  the 
answer  to  our  problem. 

The  same  rules  apply  to  service-pipes,  waste- 
pines  or  air-pipes,  but  it  must  be  remembered 
that  in  these  calculations  the  friction  of  what- 
ever passes  through  the  pipes  is  not  taken  into 
account.  We  need  not  go  into  this  now,  as 
illustrations  were  given  in  an  earlier  lecture 
when  speaking  on  trap  ventilation. 

Materials  for  Drains. 

All  materials  used  in  the  construction  of  drains, 
for  the  conveyance  of  sewage,  should  be  of  an 
impervious  nature  so  that  sewage  will  not  filter 
through  and  thus  escape  into  the  ground.  They 
should  be  strong  enough  to  resist  being  fractured 
by  any  external  pressure  of  earth  or  other  sur- 
roundings, or  by  internal  pressure  should  they 
become  choked  and  filled  with  sewage. 

The  materials  should  resist  the  chemical 
action  of  sewage,  and  the  gases  which  escape 
from  it  when  decomposing.  The  surfaces  should 
be  smooth,  so  that  the  matters  passing  through 
the  drains  will  not  cling  to  them,  and  the  joint- 
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ings  should  be  so  arranged  that  they  can  be 
made  watertight.  As  a  rule,  house  drains  are 
made  cylindrical  in  shape.  They  are  sometimes 
made  of  bricks,  but  these  materials  arc  not 
good  for  that  purpose,  especially  when  drains 


are  laid  inside  of  houses.    It  is  difificult  to  so 
construct  brick  drains  that  they  shall  be  water- 
tight or  stand  a  water  test  when  submitted  to 
that  means  for  finding  defects  in  their  construc- 
tion.   Neither  can  they  be  made  smooth  inside 
without  lining  them  with  an  internal  coating  of 
cement  and,  in  the  case  of  small  drains,  this  is 
very  difficult  to  do.    The  invert,  or  bottom,  can 
be  lined,  but  the  upper  portion  is  not  so  easy  to 
do.    It  must  be  remembered  we  are  dealing 
with  house  drains  and  not  public  sewers, 
although  house  drains  are  sometimes  found  to 
be  as  large  as  common  sewers.    Fig.  348  is  an 
example  of  a  drain  found  under  a  parsonage 
house  in  Northamptonshire,  which  passed  under 
the  house  and  received  discharges  from  two 
W.C.'s,  a  bath  and  three  sinks.    The  drain  was 
biiilt  with  rough  stones,  had  about  9  in.  of  solid 
matter  in  the  botton,  and  the  liquid  sewage  ran 
in  a  zig-zag  course  over  the  accumulation  lying 
in  the  bottom.     None  of  the  solid  matters 
reached  the  outfall.    Comment  is  unnecessary 
beyond  saying  that  great  numbers  of  gentle- 
men's country  mansions  have  similar  drains 
beneath  them. 

Some  kinds  of  brick  drains  are  equally  objec- 
tionable. A  common  description,  found  in  both 
town  and  country  mansions,  is  shown  by  Fig. 
349.  These  drains  are  generally  about  i2in. 
wide  by  gin.  deep,  although  a  great  many  other 
sizes  are  found, and  have  brick  sides  and  bottoms 
with  pieces  of  stone  bedded  over  the  tops. 
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Other  drains  of  similar  construction  are  some- 
times found  to  have  rounded  bottoms  as  shown 
by  the  dotted  line  in  the  above  figure.  Common 
pantiles,  as  used  for  roofs,  have  been  used  for 
covering  the  bottoms  of  drains.  Drains  are 
sometimes  found  to  be  made  of  U  shaped 
channels  with  cover  stones  to  them.  They  have 
been  found  made  of  old  chimney  pots  and  hosts 
of  other  unsuitable  materials  which,  to  enumer- 
ate, would  appear  more  suitable  for  a  comic 
journal  than  these  pages. 
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If  brick  drains  were  made  cylindrical  it  would 
be  difficult  to  make  them  small  enough  to  be 
kept  clear  of  sediment  by  the  ordinary  water 
discharges  sent  through  them  and  neither,  no 
matter  how  well  built,  cin  they  be  made  to 
stand  a  water  test.    We  shall  have  to  deal  with 
"  drain-testing"  at  a  future  time,  but  I  may  here 
say  that  all  drains  should  stand  the  "  water 
test "  for  the  reason  that  should  a  defective 
drain  become  choked  with  sewage  the  surround- 
ing earth  would  become  saturated  with  what 
escaped  from  the  drain.    A  defective  drain  may 
be  choked  for  years  before  it  is  discovered,  as 
the  escaping  sewage  will  sometimes  filter  away 
through  the  earth,  whereas,  should  a  sound  drain 
become  stopped  the  evil  would  be  discovered  at 

once.  ,       M  •  1    J    •  „ 

In  a  great  many  cases,  where  brick  drains 
are  laid  in  a  house,  rats  have  been  found  to  pass 
out  of  holes  they  have  made  through  the  drains. 
In  some  cases  drains  have  become  choked  by 
bricks,  loosened  by  rats,  falling  inside. 

I  have  never  seen  any,  but  I  believe  that 
house  drains  have  been  made  of  concrete. 
This,  no  doubt,  is  a  good  material  to  use,  and 
the  drains  could  be  made  very  strong,  but  it  is 
doubtful  if  they  can  be  rendered  so  smooth 
inside  as  to  offer  no  resistance  to  the  free  flow 

of  sewage.  ,       ,  j 

In  some  cases  terra-cotta  and  unglazed  stone- 
ware pipes  have  been  used,  but  they  are  not 
recommended,  especially  those  that  have  no 
sockets  to  them  for  properly  jointing  together. 

Other  materials  used  tor  sewage  drains  are 
vitrified  stoneware  and  cast-iron.    The  vit^ihed 
stoneware  pipes  are  very  strong,  but  they  should 
always  be  enveloped  in  concrete  as  a  protection 
against  crushing  or  settlement  when  laid  in  soft 
ground.     One  ot  our  leading  manufacturers 
make  a  selection  of  their  wares,  test  them  by 
hydraulic  pressure  and  mark  them  with  the 
letter  T.    From  a  very  extended  experience 
with  these  pipes  I  can  speak  well  of  them. 
This  description  of  pipes  will  resist  the  action 
of  acids  and  sewer  gases.     London  made  pipes 
are  in  2  ft.  lengths  and  ihe  joints  are  that  dis- 
tance apart.     In  Scotland,  1  am  given  to  under- 
stand, they  are  made    n  3  ft.  lengths.     I  his  is 
an  advantage,  as  there  are  fewer  joints  to  make 
with  these  latter  pipes.    The  jointing  to  this 
kind  of  pipes  will  be  described  unuer  our  next 
heading.  , 
Cast-iron  drain-pipes  are  now  much  used. 
They  should  always  be  coated,  or  otherwise 
prepared,  to  protect  them  from  rusting.  The 
Bower- Barft  process  of  covering  them,  by  means 
of  super  heated  steam,  with  a  hard  coating  of 
the  black  magnetic  oxide  has  been  spoken  well 
of,  but  pipes  so  prepared  do  not  seem  to  have 
come  into  general  use  for  drainage. 

Cast-iron  pipes  coate'*  according  to  the 
suggestions  made  by  Dr.  Wngus  Smith,  with  a 
mixture  of  coal  tar,  pitch,  a  little  linseed  oil,  and 
sometimes  a  little  resin,  have  been  found  to 
answer  very  well  indeed.    For  drams  laid  inside 


of  houses,  especially  when  beneath  room  floors, 
I  always  use  and  recommend  cast-iron-pipes 
coated  as  last  described. 

Cast-iron-pipes,  lined  with  a  coating  of  porce- 
lain enamel,  are  doubtless  best  of  all.  If  the 
enamelling  can  be  made  to  expand  and  contract 
to  the  same  degree  as  the  iron,  by  the  hot  and 
cold  water  that  generally  passes  through  drains 
when  in  use,  and  the  cost  of  production  can  be 
reduced  so  as  to  compete  with  other  materials, 
there  is  little  doubt  drain-pipes  so  prepared 
would  come  into  more  general  use. 

My  reasons  for  preferring  iron  drains  is  that, 
when  laid  with  leaded  joints,  they  will  expand 
and  contract  without  breaking.  Other  materials, 
of  a  hard  and  brittle  nature,  will  not  do  this  to 
the  same  extent.  At  all  events,  this  is  the  only 
reason  that  I  can  give  for  certain  breakdovvns, 
in  drains  properly  laid,  that  have  occurred  in 
my  own  experience. 

Construction  of  Drains. 
The  principal  points  to  consider  under  this 
heading,  and  in  addition  to  what  was  said 
further  back,  is,  to  lay  the  drains  so  that  they 
shall  not  be  influenced  in  any  way  by  their  sur- 
roundings, and  the  methods  of  making  the 

joints.  ,  J  f  J 

It  is  quite  as  important  to  have  good  founda- 
tions for  drains  as  for  a  house,  no  matter  where 
they  are  laid,  in  a  field  or  in  a  house.  Defective 
drains  always  smell  very  offensive.     Water  is 
the  motive  power  for  conveying  certain  oHen- 
sive  matters  from  houses  to  some   place  of 
deposit.     If  the  drains  are  defective  the  water 
will  escape  out  of  the  defects,  but  the  matters 
referred  to  remain  in  the  drain,  and,  in  some 
cases,  will  form  a  stoppage.     If  drains  are  laid 
in  soft  ground,  and  the  ground  beneath  them 
should  settle,  ;o  as  to  make  them  leak,  the 
escaping  water  or  sewage  would  further  aggra- 
vate the  evil.    Some  kinds  of  sandy  soil  are 
very  treacherous,  especially  when  a  small  stream 
of  water  runs  through,  and  drains  laid  in  such 
soil  require  certain  precautions  being  taken  to 
protect  them.    When  the  ground  is  very  hard 
or  rocky,  the  bottom  of  the  trench,  in  which  the 
draips  are  to  be  laid,  is  generally  so  uneven  that 
the  pipes  do  not  have  a  fair  bearing.    Any  pro- 
jections above  the  bottom  of  the  trench  will  act 
as  fulcrums  of  levers,  and  the  pipes  laid  on 
these  projections  are  liable  to  be  broken  by  he 
pressure  of  the  earth  above  them  pressing  the 
ends  of  the  levers  down.  ,    ,  r 

It  is  always  best  to  prepare  the  bottom  of  he 
trench  by  laying  in  a  bed  0  concrete  for  the 
pipes  to  rest  upon.  Spaces  being  dug  out  or 
left  out  when  concreting,  for  the  sockets  of  the 
pipes,  and  also  for  the  drain-layer  to  get  his 
[rowel  round  for  making  the  joint.  Where  new 
drains  are  being  laid  in  the  s^me  trenches  tha^ 
old  ones  were  taken  out  of,  and  it  has  been 
found  necessary  to  dig  out  a  considerable 
quantity  of  earth,  because  of  its  being  contami- 
nated with  sewage  from  the  ol«\  grains,  the 
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whole  of  the  space  should  be  filled  with  con- 
crete in  preference  to  using  dry  rubbish,  or 
other  material,  to  replace  the  earth  taken  out, 
and  then  simply  laying  a  thin  bed  of  concrete 
for  the  pipes  to  rest  upon,  as  usually  done.  The 
concrete  should  be  laid  to  the  same  fall  that  is 
intended  for  the  drains. 

Some  engineers  will  have  drains  laid  on 
brick  piers,  instead  ot  concrete,  built  for  the 
pipes  to  rest  upon,  as  shown  by  Fig.  350,  but, 
excepting  in  cases  where  land  water  runs  into 
the  trenches  and  interferes  with  the  making  of 
the  joints,  concrete  is  the  best,  as  the  whole 
length  of  the  barrel  of  the  pipe  is  supported  by 
it.  The  men  will  sometimes  assure  you  that 
they  have  carefully  filled  in  the  earth,  or  con- 
crete, as  the  case  may  be,  beneath  the  pipes, 
but  you  will  be  fairly  safe  in  doubting  the  state- 
ment. You  may  also  have  a  suspicion  that,  in 
their  efforts  to  fill  the  spaces  beneath  the  pipes, 
they  have  moved  them  a  little  and  cracked  the 
joints. 

After  the  trenches  have  been  prepared  to 
receive  the  pipes  they  should  be  laid  in  their 
places.  If  we  are  using  stoneware  pipes,  each 
one  should  be  carefully  examined,  the  straightest 
side  selected,  marked,  and  laid  so  as  to  be  at 
the  bottom,  and  thus  get  an  even  Ime  for  the 
sewage  to  flow  down.  A  considerable  length  of 
drains  should  be  laid,  before  any  cementing  is 
done,  and  a  crowbar,  or  lever  of  some  kind,  used 
to  force  all  the  pipes  home  into  the  sockets,  so 
that  there  shall  be  no  spaces  for  sewage  to  lay 
in.  After  this  is  done  a  pailful  of  concrete 
should  be  put  on  each  pipe,  and  carefully 
tucked  under  the  sides  to  prevent  their  moving. 
After  allowing  a  short  time  for  the  concrete  to 
partly,  or  wholly,  set,  the  pipelayer  should 
begin  making  his  joints  by  forcing  cement  into 
the  annular  spaces  between  the  sockets  and 
pipe  ends.  He  should  do  this  as  quickly  as 
possible,  making  all  the  joints  in  succession. 
He  should  then  go  back  to  the  first  joint  made, 
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and  carefully  trowel  the  cement  to  a  smooth 
surface,  and  follow  on  with  all  the  other  joints. 

This  going  over  the  joints  a  second  tinie  is 
necessary,  because  of  the  water  used  for  mixing 
with  the  cement  draining  to  the  under  sides. 
This  will  sometimes  cause  the  cement  to  drop 
away  from  the  joint.  In  other  cases,  a  hole  large 
enough  to  get  a  finger  in  is  left  on  the  under 
side  of  the  joint. 

Cases  have  occurred  where  the  bed,  or  bottom 
of  the  trench,  has  not  been  properly  prepared 
by  concreting,  or  the  concrete  has  been  put  in 
in  short  lengths  at  the  same  time  that  the  pipes 
were  laid,  so  that  tlie  pipes  have  not  had  an 


even  fall.  When  making  final  tests,  as  to  fall, 
of  drains  with  a  spirit  level,  strips  of  wood  of 
parallel  thickness  should  be  laid  on  each  length 
of  pipe  and  a  long  "straight  edge"  cut  taper- 
ing, the  taper  being  equal  to  the  fall  of  drains, 
laid  on  the  above  strips  so  that  the  straight 
edge  and  strips  shall  touch  each  other.  A 
spirit  level  laid  on  the  straight  edge 
would  then  stand  at  Zero.  The  arrange- 
ment is  shown  by  Fig.  351.  Some  men  will  use 
tapering  stripes  of  wood  to  lay  on  the  pipes  and 
level  each  pipe  separately  as  to  fall,  but  the 
piactice  should  be  strongly  condemned  as  it  is 
not  unusual  to  find  drains  so  laid  not  to  have  any 
fall  at  all  in  their  whole  length.  Fig.  352  is 
drawn  to  make  this  more  clearly  understood. 
It  will  be  noticed  that  the  spirit  level  is  laid  on 
the  pipes,  proving  the  drain  to  be  falling  the 
wrong  way,  as  shown  by  the  the  upper  arrows, 
although  each  individual  pipe  has  a  fall  in  the 
intended  direction  as  shown  by  the  bottom 
arrows. 

There  are  certain  drain  pipes  made  with 
patented  joints  to  them,  which  cannot  be  laid  in 
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the  above  improper  manner.  A  section  of  one 
joint  is  shown  by  Fig.  353.  The  inside  of  the 
socket  is. lined  with  a  special  material  so  as  to 
make  it  quite  true  and  concentric  with  the  barrel 
of  the  pipe.  On  the  spigot  end  of  the  pipe  a 
bead  is  cast  so  that  when  the  end  of  this  pipe  is 
socketted  into  the  other  the  insides  of  the  two 
pipes  are  in  a  line  with  each  other.  If  laid  as 
shown  by  Fig.  352  a  projection  of  Jin.  to  i  in. 
would  have  stood  up  at  A,  Fig.  353,  and  this,  in 
a  sluggish  fall  to  the  drains,  would  be  an  ob- 
struction to  the  free  flow  of  sewage,  prevent  the 
drains  running  empty  and  a  pool  would  be  found 
at  each  joint.  Stoneware  drain  pipes  with  the 
joint  shown  by  the  last  figure  are  spoken  well 
of  by  some  engineers  for  this  reason.  It  is  also 
claimed  for  these  joints  that  they  are  watertight 
without  any  cementing  and  can  be  deflected  out 
of  a  straight  line  without  causing  them  to  leak. 

When  ordinary  socketted  drain-pipes  are 
used  some  engineers  will  have  the  joints  yarned 
so  as  to  get  a  true  annular  space  between  the 
spigot  and  inside  of  the  socket  for  keeping  the 
spigot  end  of  the  last  laid  pipe  from  being 
below  the  barrel  of  the  next  pipe.  Sometimes 
white  yarn  is  used,  in  others  the  yarn  is  soaked 
in  tar  to  prevent  it  rotting.  It  is  probable  that 
the  tar  in  the  yarn,  when  so  treated,  will  prevent 
the  cement  from  properly  setting. 

Portland  cement  is  generally  used  for  making 
the  joints  on  stoneware  drain  pipes.  Care 
should  always  be  taken  in  selecting  whose  make 
of  cement  is  used,  as  some  kinds  will  swell 
when  setting,  and  burst  the  sockets  of  the  pipes. 
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I  have  been  to  some  little  trouble  in  practically 
esting  Portland  cements,  and  find  that  even 
when  the  cement  does  not  swell  when  setting,  if 
aid  in  a  wet  situation  it  will  sometimes  absorb 
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FIG.  334- 

moisture  by  capillary  attraction  and  expand 
sufficient  to  burst  small  glass  phials. 

After  the  drains  have  been  properly  laid,  and 
sufficient  time  allowed  for  the  Portland  Cement, 
or  whatever  other  cement  is  used,  to  set  hard,  the 
drains  should  be  plugged  by  means  of  a  drain- 
testing  stopper,  shown  by  Fig.  354,  filled  with 
water  to  test  their  soundness,  and  all  defects 
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made  good.  After  testing,  the  drains  should  be 
carefully  covered  with  concrete,  as  shown  in 
section  at  B,  Fig.  355.  By  rounding  the  top  of 
the  covermg  concrete  the  pressure  of  the  earth 
above  IS  distributed  sideways.  A  word  of 
caution  is  necessary  as  to  the  method  of  cover- 
ing the  pipes  with  concrete.  First  of  all  the 
joint  holes  left  under  the  sockets  of  the  pipes 
(as  shown  at  C,  C,  Fig.  351)  should  be  filled  up. 
The  concrete  should  be  very  carefully  lowered 
into  the  pipe  trench,  not  pitched  in  from  the 
ground  level,  and  carefully  packed  at  the  sides 
of  the  pipe  so  as  to  prevent  any  jarring  or 
movement,  which  would  crack  the  pipes.  For 


the  same  reason  it  is  also  a  good  plan  to  let  the 
concrete  set  before  filling  in  the  trenches,  and 
ramming  the  earth  should  be  carefully  done.  It 
is  very  annoying,  after  taking  pains  to  make  a 
good  job  of  the  drains,  when  making  a  final 
test  on  completion  of  the  works,  to  find  them 
leaking  and  there  are  no  means  of  discovering 
where  the  leak  is  situated,  to  have  to  take  them 
all  out  again  and  relay  them. 

Even  when  the  pipesshown  by  section,  Fig.  353 
are  used,  great  care  should  be  taken  when  fixing 
them.  Although  the  joints  are  so  arranged  that 
the  pipes  may  be  deflected  out  of  a  straight 
line,  and  easy  curves  made  with  them,  the 
drains  are  liable  to  leak  at  the  joints  if  any  local 
settlement  of  the  ground  should  take  place  after 
they  are  fixed.  To  make  this  clear  the  student 
is  referred  to  Fig.  356.  Let  A,  B,  represent  the 
extremities  of  a  length  ot  drain  laid  in  soft 
earth.  The  drains  at  the  ends  beyond,  or  right 
and  left  of  A,  B,  being  laid  in  solid  ground  so  as 
to  be  immovable.    The  pipes  laid  in  the  soft 
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ground  could  sink,  as  shown  by  dotted  lines, 
and  yet  not  leak,  but  the  joints  at  A,  B,  would 
be  pulled  apart  and  thus  rendered  defective  so 
that  sewage  or  water  would  escape,  as  shown  by 
the  arrows.  For  this  reason  it  is  always 
advisable  to  envelope  drain-pipes  of  this 
description  in  concrete,  as  described  for 
ordinary  pipes.  It  is  of  further  advantage 
to  face  the  joints  with  Portland  cement,  and 
not  trust  entirely  to  their  tightly  fitting  by 
reason  of  the  specially  prepared  ends  of  the 
pipes. 

Portland  cement  has  been  referred  to  as  the 
material  for  making  the  joints  of  drains  because 
it  is  usually  specified  by  engineers,  but  other 
cements  can  be  used  if  they  fulfil  the  require- 
ments of  the  case.  Some  years  ago,  at  a  public 
exhibition,  were  shown  samples  of  joints  made 
with  "  Spence's  metal,"  and  although  this 
material  appeared  to  answer  the  purpose  very 
well  indeed,  it  does  not  seem  to  have  been 
adopted  for  general  use.  Some  kinds  of  asphalt 
would  doubtless  make  good  joints  for  drains 
that  were  used  for  cold  water  only,  but  would 
not  answer  for  house  drains  where  the  water 
that  sometimes  passes  through  them  is  at  a 
higher  temperature  than  that  at  which  the 
asphalt  melts,  or  become  sufficiently  soft  to  run 
out  of  the  joint. 

The  days  for  clay  joints  are  passed,  although 
there  are  still  a  few  of  the  old  school  of  people 
who  maintain  that  clay  is  quite  good  enough 
for  the  purpose.  The  plasticity  of  that  material 
will  allow  for  a  slight  movement  of  the  pipes 
without  risk  of  breaking  the  joints,  but  will  not 
resist  any  internal  pressure  that  may  be  brought 
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to  bear.  Neither  will  clay  prevent  the  roots  of 
trees  or  shrubs  insinuating  themselves  uito  the 

drains.  .  , 

It  may  be  asserted  that  as  expansion  and 
contraction  are  almost  irresistible  forces,  th-i 
materials  used  for  making  drain  joints  should 
allow  for  a  certain  amount  of  flexibility  in  the 
drains.    This   becomes   necessary   in  houses 
where  hot  and  cold  water  discharges  are  sent 
through  the  drains.    It  is  highly  probably  that 
at  some  future  time  a  cement  will  be  made 
which  will  be  both  strong  and  flexible.    If  a 
length  of  drains  expands  only  i-iooth  part  of  an 
inch  in  its  length  a  fracture  is  sure  to  take  place 
at  some  point  or  other,  even  when  embedded 
in  concrete.    The  joint  shown  by  Fig.  353  will 
no  doubt  allow  for  the  slight  motion  referred  to 
without  actually  causing  it  to  leak,  but  when 
looked  at  from  this  point  of  view  the  cement 
facing  mentioned  above  should  be  omitted. 

Almost  all  specifications  of  modern  date 
stipulate  that  all  drains  shall  be  laid  perfectly 
straight  from  point  to  point.  This  is  the  right 
thing  to  do,  as  the  sewage  will  flow  away  much 
freer  ard  the  drains  will  be  much  less  likely  to 
become  choked  by  foreign  matters  than  when 
they  are  laid  on  crooked  lines.  But  when 
viewed  from  the  expansion  and  contraction 
point  of  view,  it  may  be  argued  that  drains 
laid  crooked  are  less  liable  to  break  by  those 
forces  than  when  perfectly  straight.  In  one 
case  the  whole  of  the  force  is  exerted  at  the 
ends  of  the  drains  and  in  the  other  the  power 
is  divided  and  expended  at  the  various  bends. 

When  drains  are  laid  near  roots  of  trees  it  is 
very  necessary  that  an  excess  of  concrete  should 
be  used  to  prevent  the  rocking  of  the  trees, 
during  a  high  wind,  disturbing  the  drains.  It 
is  also  a  good  plan  to  throw  common  gas  tar 
over  the  concrete  before  filling  in  the  trench  to 
repel  the  small  fibrous  roots  working  their  way 
into  the  concrete  or  into  the  drains. 

Iron  Drains. 
The  length  of  time  that  a  vitrified  stoneware 
drain  will  last  is  always  uncertain  and  depends 
a  great  deal  upon  the  position  in  which  it  is 
laid,  and  also  its  usage.    It  frequently  falls  to 
the  wiiters' lot  to  make  retests  of  drains,  and 
there  are  several  cases  where  he  has  standing 
orders  to  make  annual  examinations  and  tests. 
In  some  cases  the  drains  will  be  found  to  be 
perfect  for  two  or  three  years  after  they  were 
laid,  after  which  time  they  will  often  be  found 
to  be  slightly  defective,  but  not  sufficient ly  so 
as  to  warrant  his  advising  that  they  should  be 
taken  up  and  relaid.    But  on  the  fifth  or  sixth 
annual  Test  being  applied  the  drains  have  been 
found  to  leak  so  much  that  the  above  drastic 
remedy  has  had  to  be  applied.     In  other  cases 
the  drains  have  been  found  to  stand  the  applied 
tests  for  several  successive  years.    From  the 
fact  that  stoneware  drain-pipes  do  frequently 
break  down  it  naturally  follows  that  one  is 
always  in  a  nervous  state  of  anxiety  or  cJr«*aa, 


that  his  own  work  should  go  wrong.  In  cases 
where  a  client  will  insist  upon  a  written 
guarantee  being  given  that  the  drains  shall  last 
a  certain  number  of  years  it  is  never  safe  to  give 
any  such  guarantee  to  cover  more  than  three  or 
four  years  risks.  This  is  especially  the  case 
with  drains  when  laid  inside  the  house.  Some 
engineers  will  give  a  certificate  which  only 
applies  to  one  year's  guarantee.  Other  people 
will  sometimes  give  certificates  for  a  longer 
period,  but  a  great  many  of  such  documents 
are  not  worth  the  value  of  the  paper  on  which 
they  are  written. 

For  the  above  reasons  the  writer  much 
prefers  strong  cast  iron-drains,  especially  for 
those  portions  that  are  laid  inside  of  houses. 

The  pipes  should  be  cast  endways  so  as  to 
get  the  iron  of  equal  thickness  on  all  sides.  If 
cast  in  horizontal  positions  the  cores  will  some- 
times float  in  the  molten  metal  and  make  the 
pipes  very  thin  on  the  upper  sides.     The  pipes 
should  be  of  the  same  strength  that  is  generally 
used  for  conveying  water  under  pressure  by 
water  companies   or   in   the  construction  of 
waterworks.    Iron  pipe  of  a  lighter  description 
is  sometimes  used  for  drains,  but  for  really  good 
work  the  heavy  pipe  should  always  be  adopted. 
The  iron  should  be  protected  from  oxidation  by 
a  coating  applied  both  internally  and  externally. 
When  iron  drains  are  laid   horizontally  the 
lower  portion  or  invert,  even  when  not  coated  to 
prevent  rusting,  does  not  rust  to    any  great 
extent  but  the  upper  portion,  especially  in  large 
drains  which  never,  or  very  rarely,  run  full  bore 
rusts  to  a  very  great  extent  and  large  flakes  of 
iron  oxide  fall  off  inside  the  pipe.    The  lo\yer 
half  of  the  inside  of  the  pipe  gets  covered  with 
a  kind  of  slime  which  protects  the  iron,  but  the 
upper  half  is  exposed  to  watery  vapour  which 
condenses  and  causes  a  violent  oxidation  to  set 
up  with  the  results  above  referred  to.    What  is 
generally  known  as  Dr.  Angus  Smith's  process 
is  considered  the  best  method  for  protecting 
iron  from  rusting.    This  was  referred  to  further 
back     It  is  very  difficult  to  get  iron  pipes  that 
are  smooth  inside,  but  this  preparation,  when 
properly  applied,  leaves  a  smooth  [surface  on 
the  iron. 

The  jointing  of  the  iron  pipes  requires  a  little 
consideration.    Portland  cement  has  been  used, 


and  makes  a  very  good  joint.  Joints  on  iron 
drains  have  been  made  with  that  material,  and 
stood  a  great  water  pressure  without  the  least 
signs  of  leaking.  But  I  consider  this  cement  to 
be  too  hard  and  rigid,  so  that  the  joints  or  pipes 
will  break  when  the  drains  are  moved  by  ex- 
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pansion  or  the  opposite  force.  It  is  usual,  and 
I  know  nothing  better,  to  make  the  joints  with 
metallic  lead.  Fig.  357  shows  a  section  of  a 
joint  so  made.  The  joint  is  first  "  yarned,"  that 
is,  two  or  three  rings  of  yarn  are  driven  into  the 
socket,  as  shown  at  A,  to  prevent  the  lead 
running  through  into  the  pipe.  A  roll  of  clay  is 
then  put  round  the  pipe,  as  shown  at  B,  B,  an 
opening  being  left  on  the  upper  side  for  pour- 
ing in  the  lead.  Molten  lead  is  then  poured 
through  the  opening  until  the  space  C  is  filled 
full.  The  outside  faces  of  the  lead  are  then 
driven  in  with  caulkmg  tools,  in  such  a  way  that 
that  metal  is  made  to  expand  and  fit  tight  to 
the  outside  of  the  entering  pipe  and  the  inside 
of  the  socket.  Joints  thus  made  will  stand 
300  ft.  or  400  ft.  head  of  water  without  leaking. 
As  lead  is  a  soft  metal  the  joints  on  the  iron- 
pipes  are  free  to  move  a  little  without  the  risk 
of  breaking,  which  would  not  be  the  case  if  a 
harder  material  had  been  used.  Although  lead 
is  the  best  known  metal  for  making  these  joints 
with,  it  cannot  be  accepted  as  being  entirely 
satisfactory  where  large  quantities  of  hot  water 
pass  through  the  drains.  The  movement  ot  the 
pipes,  by  expansion  and  contraction,  will  some- 
times work  the  lead  right  out  of  the  socket,  as 
shown  at  X,  Fig.  358.    The  sockets  have  been 
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cast  with  a  groove  inside,  as  shown  in  section 
at  D,  Fig.  357,  but  in  spite  of  this  groove  the 
lead  has  still  been  worked  out  of  the  socket  by 
the  telescopic  action  which  takes  place  at  the 
joint,  from  the  movement  of  the  pipes  by  the 
above  forces.  In  certain  cases  that  have  come 
under  the  writer's  notice  it  has  been  found 
necessary  to  fix  the  iron  drains  on  rollers  in  the 
trenches,  and  in- ert  properly  constructed  expan- 
sion joints  at  intervals.  A  section  of  such  a 
ioint  is  shown  by  Fig.  359,  in  which  E  are 


asbestos  rings,  kept  tight  by  the  "gland"  F, 
and  the  nuts  and  bolts  G.  The  spigot  end  of 
the  entering  pipe  is  cast  a  little  larger  than  the 
rest  of  the  pipe,  and  turne  quite  true  and 
smooth  in  a  lathe,  so  as  not  to  nave  any  rough- 
ness which  would  prevent  its  moving  or  sliding 


backwards  and  forwards  in  the  gland  packing. 
It  has  been  asserted  that  a  serious  objection  to 
using  lead  for  caulking  joints  on  iron  drain- 
pipes is  because  of  the  voltaic  action  that  sets 
up  betvveen  those  metals.  If  the  iron  is  pro- 
perly coated  the  lead  is  not  in  actual  contact 
with  it,  hence  no  action  can  take  place  from 
that  cause.  If  a  voltaic  action  did  take  place 
the  corrosion  of  the  metals  would  be  so  little 
that  it  would  take  several  years  before  any 
great  harm  was  done.  My  own  experience 
has  taught  me  that  the  objection  is  valueless. 

When  iron  drains  are  laid  underground  they 
should  have  good  foundations,  but  (it  is  not 
necessary,  but  rather  an  objection,  to  cover 
them  with  concrete  in  the  same  manner  as 
described  when  writing  on  stoneware  drains. 

All  kinds  of  drains  when  laid  in  or  near 
houses  and  other  buildings  should,  as  far  as 
possible,  have  no  actual  contact  with  the  walls 
or  floors.  When  passing  through  walls,  arches 
should  always  be  turned  over  the  drains.  If  the 
drains  are  built  in  the  walls,  and  they  should 
settle,  or  the  ground  in  which  the  drains  are 
laid  was  to  subside,  a  fracture  near  that  point 
is  bound  to  occur.  When  drains  are  laid  in 
places  where  heavy  traffic  passes  over  them  it 
is  sometimes  an  advantage  to  leave  a  hollow 
cavity  over  the  drains  to  prevent  their  being  in- 
jured by  the  vibration  of  the  earth  above  them. 
Drains  beneath  basement  floors  in  houses  are 
often  found  to  have  the  sleeper  walls,  which 
support  the  floors,  built  upon  them,  so  that  the 
least  motion  above  is  transmitted  to  the  drains 
below  to  their  disadvantage. 

Lead  Drains. 

Whenever  lead  is  laid  in  a  damp  situation, 
and  in  contact  with  lime,  mortar,  or  cement,  a 
corrosive  action  takes  place,  the  lead  is  reduced 
to  a  carbonate,  and  in  time  will  lose  its 
metallic  properties.  Dry  lime  does  not  in- 
juriously affect  the  lead  to  any  great  extent. 
Lead  pipes  may  be  built  in  walls,  or  enveloped 
in  lime  mortar,  but  so  soon  as  the  moisture  has 
evaporated  out  of  the  mortar  no  further  action 
takes  place,  although  if  in  a  damp  situation,  or 
exposed  to  a  constant  wetting  from  any  cause, 
the  corrosive  action  again  sets  up.  For  these 
reasons  lead  is  rarely  used  for  drain  pipes, 
when  laid  beneath  the  ground.  Where  pipes 
can  be  fixed  on  the  face  of  a  wall  lead  is  a  very 
good  material  to  use  for  their  construction,  so 
long  as  no  corrosive  agents  are  in  their  vicinity. 
A  case  came  under  the  writer's  notice  some 
little  time  ago,  at  a  country  mansion,  where 
lead  drains  were  laid  in  trenches,  the  sides, 
bottom  and  top  of  which  were  lined  with 
wooden  boards,  to  prevent  any  contact  between 
the  lead  and  the  surrounding  earth.  In  spite  of 
these  precautions,  the  drains,  which  were  9  in. 
in  diameter,  and  made  out  of  lead  about  \  in. 
thick,  were  very  much  corroded,  and  had  large 
holes  on  the  upper  sides,  through  which  the 
hands  could  be  passed.    The  sides  and  bottom 
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of  the  pipe  were  also  affected  on  the  outside, 
but  very  little  on  the  inside.  The  assumption 
is  that  the  carbonic  acid  gas  arising  from  the 
woodwork,  which  was  rotten,  had  acted  on  the 
outside  of  the  lead,  and  the  same  gas  from  the 
sewage  had  acted  on  the  inside  on  the  upper 
side  only  of  the  pipe,  the  lower  portion  or  invert 
being  protected  by  an  incrustation  of  salts  from 
sewage,  which  prevented  the  above  gas  acting 
on  the  lead.  The  same  action  has  been 
noticed  to  have  taken  place  on  the  lead  of  very 
old  coffins  when  placed  in  underground  vaults. 
With  this  knowledge  before  us  we  should  be 
very  careful  when  fixing  lead  drains,  that  they 
are  in  dry  situations,  and  not  exposed  to  those 
gases  which  have  an  injurious  effect  on  the 
lead. 

In  each  of  the  above  cases,  if  the  pipes  or 
lead  had  been  exposed  to  dry  air  currents,  the 
action  referred  to  would  not  have  taken  place. 
It  may  be  of  further  interest  to  state  that,  so  far 
as  could  be  found  out,  the  drains  had  been  in 
use  somewhere  between  50  and  100  years.  One 
of  the  coffins  was  probably  200  or  300  years 
old;  the  woodwork  had  rotted  entirely  away; 
the  nails  were  of  brass,  and  reduced  to  a  green 
mass  of  verdigris,  but  in  spite  of  these  the 


wollen  cloth  with  which  the  coffin  was  covered 
still  kept  its  original  shape  and  position, 
although  at  a  touch  it  crumbled  and  fell  away. 

When  lead  pipes  are  used  for  drains,  and 
fixed  on  to  walls,  they  should  not  be  less  than 
J  in.  thick,  and  be  supported  on  a  continuous 
bracket,  instead  of  by  tacks,  or  other  fixings, 
with  intervals  of  unsupported  pipe  between 
them.  Compared  with  other  metals  used  for 
drains,  lead  will  last  the  longest,  provided  lhat 
reasonable  care  is  taken  with  the  fixings  and 
ventilation.  Wiped  soldered  joints  should  be 
made  when  lead  pipes  are  used. 

We  have  now  dwelt  on  most  of  the  leading 
points  with  regard  to  the  drains  themselves.  A 
considerable  amount  of  time  could  be  devoted 
to  a  consideration  of  various  pipes  with  specially 
constructed  means  for  jointing;  pipes  made 
oval  in  cross  section;  pipes  made  in  sections 
and  with  movable  sockets;  alsg  with  chairs  or 
cradles  for  supporting  the  pipes,  or  for  further 
strengthening  the  joints  by  surrounding  them 
with  cement  as  they  lay  in  the  cradles.  Pipes 
have  also  been  made  with  flat  bases  or  feet  to 
them.  None  of  the  above  pipes  are  in  common 
use  so  we  need  not  dwell  upon  them.  We  will 
now  proceed  to  deal  with  manholes. 


MAN 

MOST  of  our  leading  engineers  state  in  their 
specifications  that  at  all  junctions  of  drains, 
or  changes  of  direction,  shall  be  built  "Access 
Manholes."  These  manholes  are  a  great  con- 
venience for  access  to  the  drains  for  the  removal 
of  any  impediments  or  obstructions;  for  periodi- 
cal inspection  and  testing  or  examination  as  to 
their  condition.  As  the  manholes  are  intended 
for  use  they  should  be  so  constructed  that  they 
can  be  used.  This  remark  is  necessary  for  the 
reason  that  a  great  many  are  built  so  small  that 
a  man  cannot  get  into  them  for  any  purpose. 
Drains  had  better  be  without  manholes  than 
have  useless  ones.  According  to  the  depth  of 
the  drains  below  the  surface  the  manholes 
should  be  large  or  small.  If  a  drain  is  only 
about  I  ft.  or  2  ft.  deep  the  manhole  should  not 
be  more  than  about  3  ft.  long  by  18  in.  wide, 
unless  there  are  several  branch  drains  entering 
the  sides,  when  it  may  be  necessary  to  increase 
the  sizes  in  proportion.  It  is  not  necessary  for 
a  man  to  get  into  such  a  manhole  as  he  can  do  all 
that  may  be  required  froin  the  surface.  lJut  if  the 
drain  is  at  any  depth  beyond  2  ft.  the  manhole 
should  be  increased  in  size,  so  that  a  man  can 
get  into  it.  Assuming  that  an  obstruction  in 
the  main  drain  has  to  be  removed  by  means  of 
drain  rods,  the  manhole,  if  deep  down,  must  be 


long  enough  for  the  workman  to  couple  up  his 
rods.  If  they  are  3  ft.  long— some  are  much 
longer — with  screwed  joints  or  couplings,  the 
manhole  should  be  from  3  ft.  6  in.  to  4  ft.  long. 
The  width  need  not  exceed  2  ft.  6  in.  unless  the 
branches  are  at  right  angles  to  the  main  drain, 
when  an  additional  width  is  sometimes  neces- 
sary to  allow  room  for  using  the  drain  rods.  A 
drain  has  sometimes  to  be  cleansed  by  means  of 
rods,  with  a  brush  on  the  end.  Fig.  360  shows 
a  bundle  of  rods,  with  the  various  fittings,  as 
used  in  drain  work.  The  brushes.  A,  are  made 
in  various  sizes  to  suit  the  drains;  the  "screw- 
worm  "  B,  is  for  drawmg  out  any  soft  substance 
that  may  get  into  the  drain.  The  "  harpoon  " 
C,  is  used  for  the  same  purpose  but  is  a 
dangerous  tool  to  use,  as  the  barb  will  some- 
times catch  in  any  small  space  or  projection  at 
the  joints.  The  ball  D  is  useful  for  pushing 
anything  forward  in  the  drains.  The  india- 
rubber  plunger  E  is  very  useful,  as  by  its  use  an 
accumulation  of  mixed  matters  in  the  drains 
can  sometimes  be  removed.  The  plunger  being 
pushed  backwards  and  forwards  when  it  acts 
almost  similar  to  a  force-pump  plunger.  Some- 
time-, the  dram  rods  are  m  4  ft.  lenj^ths;  but 
whatever  length  they  are,  they  are  useless  if  the 
manholes  are  not  large  enough  for  them  to  be 
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used  when  required.  When  drains  have  to  be 
tested  by  filling  them  with  water,  and  the 
stopper,  shown  by  Fig.  354,  used  for  plugging 
the  ends  in  the  manholes,  it  is  difficult  to  insert 
it  properly  if  the  manhole  is  too  small.  It  is 
far  from  being  a  laughing  matter  to  be  lowered 
head  foremost  into  a  small  but  deep  manhole 
for  fixing  the  stopper,  but  there  have  been  cases 
where  this  was  the  only  way  of  getting  over  the 
difficulty  without  breaking  up  the  pavement. 
So  much  for  sizes  of  manholes,  their  construc- 
tion next  occupies  our  attention.  First  dealing 
with  the  walls  and  the  materials  for  their  con- 
struction. As  bricks  are  to  be  had  in  nearly 
all  parts  of  the  country  they  are  generally  used, 


but  it  is  not  generally  known,  or  at  all  events, 
very  little  thought  is  given  to  the  matter  that 
although  some  kinds  of  bricks  are  suitable  for 
the  purpose,  a  great  many  are  far  from  being 
so.  One  test  especially  should  always  be 
applied  to  bricks,  and  that  is,  soak  them  in 
water;  and  if  they  are  found  to  crack  or  pieces 
to  flake  off  the  surfaces,  they  should  be  at  once 
condemned  as  being  unsuitable  for  using  in 
manhole  construction.  Neither  are  soft  spongy 
bricks  good  to  use.  Those  of  a  hard,  close 
description,  are  much  better,  although  it  is  not 
necessary  that  they  should  have  smooth  sur- 
faces, for  reasons  that  will  be  given  further  on, 
"  White  glazed  "  bricks  are  frequently  speci- 
fied for  manhole  construction,  and  a  great  many 
engineers  use  them.  At  first  sight  one  wrould 
think  they  were  the  best  kind,  but  for  various 
reasons  I  have  giving  up  using  them  for  some 
years  past.  One  reason  is  that  the  enamelled 
surfaces  wiH  sometimes  flake  off  in  patches,  and 
another  is  the  difficulty  of  making  water-tight 
manholes  with  them.  The  manholes  should  be 
as  water-tight  and  air-tight  as  the  drains.  Not 
that  the  difficulty  is  with  the  bricks  so  much  as 
with  the  men  who  lay  them,  and  who  are  not 
careful  to  fill  in  all  the  joints  or  spaces  between 
the  bricks  with  cement.  Some  other  kinds  of 
bricks  answer  the  purpose  equally  as  well,  but 
there  is  the  same  trouble  with  the  laying  of 


them.  If  the  joints  of  the  brick  walls  are  to  be 
simply  pointed  on  completion,  then  it  should 
be  a  fixed  law  for  the  men  that  they  shall 
never  cross-bond  the  wall.  To  make  this  clear, 
and  to  show  the  reasons  for  the  above  rule,  the 
reader  is  referred  to  Fig.  361,  which  shows  a 
plan  of  one  course  of  brickwork  as  usually  laid. 
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FIG  361 

The  bricks  which  extend  through  the  thickness 
of  the  wall,  are  technically  known  as  "headers." 
The  joints  at  the  sides  of  these  bricks  extend 
the  same  length  as  the  bricks,  and,  as  a  rule, 
have  no  cement  in  them,  excepting  at  the  ends, 
as  shown  by  dark  parts.  The  least  movement 
of  a  brick  after  the  cement  has  partially  set  will 
crack  the  small  portion  at  the  ends  of  the  joints, 
and  no  pointing  up  afterwards  is  of  any  use.  If 
the  manhole,  on  completion,  is  tested  by  filling 
it  with  water,  defects  will  be  found  in  a  great 
many  places  as  shown  by  the  arrows.  The 
proper  way  for  laying  the  bricks  is  as  shown 
by  Fig.  362,  in  which  it  will  be  noticed  that 
there  are  no  cross-bonds  or  "headers"  used, 


but  all  the  bricks  are  laid  as  "  stretchers."  As 
the  manhole  walls  are  intended  simply  to  keep 
the  surrounding  earth  from  falling  into  the 
drain  or  sewage  leaking  out,  there  is  no  great 
strain  upon  the  walls,  excepting  when  the  man- 
holes are  of  a  large  size  and  very  deep.  In 
those  cases  it  is  a  good  plan  to  build  the  walls 
so  that  the  outsides  may  resemble  the  extrados 
of  an  arch,  and  so  better  resist  the  weight  of  the 
earth  against  them,  as  shown  by  the  latter 
figure. 

To  return  to  the  bricks.  I  consider  there  are 
none  better  for  manholes  than  good,  hard  burnt 
'  stocks "  that  are  partially  vitrified.  They 
should  have  a  "  frog,"  or  depression,  on  one 
side  only,  and  the  frog  should  be  laid  upper- 
most. If  the  bricks  are  a  trifle  out  of  shape  and 
have  rough  surfaces  it  does  not  matter,  as  the 
cement  will  "key"  to  them  better  than  if  they 
were  true  and  smooth.  The  manhole  should  be 
built  with  the  above  bricks  and  Portland  cement 
one  part,  mixed  with  four  parts  of  clean, 
"  sharp,"  coarse  sand,  as  quickly  as  possible, 
the  bricks  being  wetted  before  laying.  The 
joints  between  the  bricks  should  be  well  grouted 
or  filled  with  the  cement.  The  faces  of  the 
joints,  outside  the  manhole,  should  be  flat  or 
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«' flush";  those  inside  should  be  raked  out  to  a 
depth  of  half  an  inch.    After  the  manhole  has 
been  built  and  sufficient  time  allowed  for  the 
cement-mortar  to  set,  so  that  when  the -an  s 
working  inside  he  will  not  disturb  the  brick- 
work, he  should  then  wet  the  mternal  faces  of 
the  manhole  and  "render"  the  b"ckwo.-k  with 
a  coating  of  about  equal  parts  of  clean,  sharp 
washed,   sand   and    Portland   cement.  This 
should  be  done  as  quickly  as  possible  and  the 
cement  worked,  or  troweled,  to   a  perfectly 
smooth  surface.    It  is  not  by  any  means  a  good 
plan  to  put  the  cement  on  in  two  or  three  coats. 
Although  the  surface  of  the  cement  rendering 
should  be  left  quite  smooth  (it  can  be  made 
almost   as   smooth    as    glass),   it   does  not 
necessarily  follow  that  the  workman  should  keep 
on  working  it  long  after  the  cement  has  set  and 
thus  "kill"  it.     The  reason  for  pointing  the 
ioints  outside  the  manhole  is  to  prevent  any 
water  in  the  ground  getting  into  the  walls  or 
passing   through   them,  and  forcing    off  the 
?ement  renderinginside  before  it  has  properb^^se  • 
There  may  be  no  water  in  the  ground,  but  it 
frequently  occurs  that  a  .hower  of  rain  may 
cause  the  same  trouble  by  getting  into  the 
trenches  or  excavations  dug  out  for  the  man- 
holes   As  the  manholes  should  be  both  air-tiglit 
and    water-tight,   as   pre-stated,   every  pains 
should  be  taken  to  make  them  so.    I  may  add 
that  there  are  workmen  who  take  as  much  pnde 
in  building  a  manhole,  or  in  laying  drains,  as  an 
artist  would  in  painting  a  grand  P'cture. 

When  building  a  house  it  is  usual  to  begin  a 
the  bottom  or  foundations.   I  find  we  have  built 
our  manhole  before        have  mentioned  the 
foundations,  so  we  will  now  deal  ^^^th  them 
The  best  material  to  use  is  concrete.  Engineers 
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eenerally  specify  the  depth,  or  thickness,  of  the 
foncJe  e  shall  be  6in.,but  in  all  cases  this  should 
be  governed  by  circumstances.    Sometimes  4'". 
tq'ui"  enough'  but  in  others  p  n  -s  neces.-iry, 
esoeciallv  in  some  kinds  of  soft,  or  Doggy, 
ground  %s  the  drains  have  to  pass  through 
fhTmanholes  in  channel  or  U  shaped  pipes 
those  for  the  main  drain  should  be  fixed  a  the 
same  time  that  the  concrete  is  laid  for  the 
foundations  and  the  sides  banked  up  as  shown 
by  Jhe  section.  Fig.  363-    These  channel  pipes 
are  very  difficult  to  get  quite  straight  and  t.ue 
fongiludinally,  so  that  it  is  always  advisable  Jo 
aive  them  from  i  in.  to  1  in.  moie  fall  in  their 
fenelh  than  the  drains  themselves,  otherwise  a 
poof  of  sewage  will  be  found  to  lay  in  a  ho^^ow 
near  the  centre,  or  near  the  inlet  end.  These 


hollows  vary  in  position  and  depe.id  upon  the 
way  that  the  channels  warp  when  m  the  clay 
state  or  when  being  burnt  m  the  kilns,  "  there 
are  any  side  inlets  to  be  fixed  they  should  be 
laid  on  the  concrete  so  as  to  drip  over  the  main 
channel,  as  shown  at  A  in  the  figure  In  some 
cases  the  branches  are  <;o""f '^'^'^  "^^^  .J-^ 
bottom  or  invert  ol  the  mam  channel,  but  this 
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is  not  eood  practice,  as  discharges  down  the 
ma^n  dSn  will  frequently  eddy  and  flow  back 
T  the  branches  when  so  fixed.    The  sides  ot  all 
the  channels  should  then  be  banked  with  con- 
crete or  bricks  built  as  shown  at  B  in  the  figure 
The  front  of  the  bricks  being  kept  back  about 
l  in  to  i  in.  to  allow  for  being  rendered  over 
with  Portland  cement,  as  shown  m  the  section. 
The  main  channel  should  never  be  less  than  9m. 
deep  and  the  side  inlets  6  in.  deep     The  bank- 
Sat  the  sides  being  made  to  fall  towards  the 
n  a  n  channels,  so  that  nothing  will  lodge  on 
Tern,  but  not  too  much,  as  that  makes  them 
difficult  for  the  workman  to  stand  upon  when 
doina  anything  to  the  drains.    Great  nunibers 
of  manholes  Ire  found  to  have  the  bankings 
made  close  onto  the  channel,  as  shown  by  dotted 
Hues     Wl^en  so  constructed  they  are  general  y 
found  to  have  excreta  laying  on  the  sides.  The 
ma  holes  then  smell  very  off-ens.ve  and  are 
nearly  as  bad  as  cesspools.     Every  precaution 
shou'd  be  tlken  to  prevent  the  sewa.e  leaving 
the  channels.    A  temporary  stoppage  of  the 
drai.^  vvil  flood  the  manholes  and  ,n'ake  them 
dirtv   no   matter  how  deep  the  channels  are 
t'X  but  with  fair  or  ordinary  usage  the  above 
depths  answer  their  purpose.    If  "  were  not  tor 
the  many  difficulties  in  the  way,  and  the  extra 
cost  it  woiUd  entail,  the  channels  should  be 
made  of  the  sime  materials  as  the  drain  pipes 
ind  to  Uie  depths  given  above.     Perhaps  some 
day  t  wil  be^so,  but  at  the  present  time  we  can 
oiJly  dial  with  the  materials  placed  by  manufac- 
turers at  our  disposal. 

We  can  build  manholes,  lake  every  pains  with 
the^.  Td  pface  channels  the  water  o  run 
throuU.  but  we  can  never  make  the  water,  even 
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Fig.  364,  but  when  running  through  a  bend  it 
will  be  as  shown  by  the  dotted  line  D. 

In  some  cases,  where  the  velocity  is  high  and 
the  bend  sharp,  the  line  E  will  represent  the 
surface  of  the  water.    Channel  bends  should 
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always  have  the  outer  side  curved,  as  shown  in 
the  section,  to  prevent  the  water  washing  over. 
This  was  noticed  by  the  writer  several  years 
ago,  and  in  1884,  when  writing  a  series  of 
articles  for  The  Sanitary  Entimeer,  New  York, 
he  mentioned  this  fact.  Since  then,  channel 
bends  have  been  made,  by  various  makers,  on 
the  suggestions  then  made,  and  are  a  great  im- 
provement on  the  earlier  method  of  using  half- 
pipe  bends,  and  building  up  the  outer  curve 
with  cement.  There  is  still  room  for  improve- 
ment in  these  bends.  Although  the  outer  curve 
will  keep  water  or  sewage  from  splashing  over 
the  side,  it  does  not  direct  the  stream  in  a 
proper  direction  down  the  main  channel.  Fig. 
365,  which  represents  a  plan  of  the  bottom  of  an 
imaginary  manhole,  will  help  to  make  this  more 
clearly  understood.  Assuming  that  a  branch 
drain  enters  a  manhole  at  right  angles  to  the 
main  channel,  an  ordinary  bend,  as  shown  at  F, 
would  direct  the  current  against  the  opposite 
side  of  the  main  channel,  as  shown  by  the 
arrow.  If  the  bend  was  made  as  shown  at  G, 
the  water  would  strike  against  the  outside,  and 
then  be  directed  down  the  strai.ljht  portion 
against  the  opposite  side  of  the  main  channel 
at  such  an  angle  as  to  be  deflected  in  the  proper 
direction.  If  the  manhole  is  made  with  the 
inlets  on  one  side  only,  as  at  F  and  G,  the  main 
channel  can  be  kept  nearer  to  one  side  than  the 
other,  and  so  allow  for  the  bends  being  made 
as  shown  by  that  at  G. .  But  if  the  inlets  were 
on  opposite  sides,  the  manhole  would  have  to 
be  made  wider  to  allow  for  similar  bends  being 
used  on  each  side.  An  alternative  would  be  to 
fix  a  bent  pipe  in  the  drain,  outside  the  man- 
hole, and  a  straight  channel  used  inside,  as 
shown  at  H  in  the  figure.  There  is  no  great 
objection  to  this,  provided  the  bend  is  so  near 
the  manhole  that  a  man's  arm  can  reach  it  to 


remove  any  obstruction.  I  know  there  are 
engineers  who  would  call  this  rank  heresy,  and 
protest  that  all  drains  outside  the  manhole 
should  be  so  straight  that  they  could  be  seen 
through  from  end  to  end.  This  is  all  very  well, 
so  far  as  it  goes,  but  I  claim  that  our  first  care 
should  be  to  keep  the  drains  and  manholes 
clean.  If  the  drains  can  be  made  as  straight  as 
gun  barrels  they  should  be  so  laid,  but  not  at 
the  cost  of  a  dirty  manhole. 

There  are  so  many  details  in  connection  with 
the  side  drains  into  a  manhole  that  I  cannot  do 
better  than  illustrate  one  constructed  a  few 
years  ago  in  a  building  near  the  Tower  of 
London,  and  in  which  most  of  the  points  that 
come  under  consideration  are  shown.    Fig.  366 
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is  a  plan  of  this  manhole,  drawn  from  memory. 
The  manhole  was  about  10  ft.  deep  by  6  ft.  long 
by  3  ft.  wide.  The  drain  A  was  from  an  inter- 
ceptor trap  which  received  the  waste-pipe  from 
a  sink  in  a  chemical  laboratory,  and  a  rain-water- 
pipe.  B  was  from  a  similar  interceptor  which  le- 
ceived  water  from  a  sink  and  a  rain-water-pipe. 
C  was  from  a  large  range  of  urinals.  D  from 
an  interceptor  in  connection  with  a  range  of 
washhand  basins.  E  was  from  a  soil-pipe,  to 
which  was  connected  about  sixW.C.'s  on  various 
floors.  F  was  from,  a  range  of  W.C.'s  on  the 
ground  floor,  and  is  over  G,  which  was  con- 
nected to  a  similar  set  of  w.c  's.  H  was  from  an 
upstairs  w.c.  soil-pipe.  I  was  from  a  trap  into 
which  a  range  of  wash-basins  emptied.  J  was 
from  a  soil-pipe,  and  similar  to  E.  K  received 
waste  water  from  the  sinks  in  a  large  sculler>) 
on  the  third  floor,  and  L  was  from  an  inter- 
ceptor receiving  three  rain-water-pipes  and  a 
sink.  The  main  channel  was  6  in.  wide,  and 
the  branches  were  4  in.  The  drains  F  and  G 
had  a  very  steep  rise  from  the  manhole  to  the 
W.C.'s.  The  whole  was  very  carefully  planned  and 
carried  out,  but,  in  spite  of  all  the  pains  taken,  it 
was  discovered  that  discharges  down  E  rushed 
across  the  main  channel  and  struck  against  H, 
as  shown  by  the  arrow.  In  a  similar  manner 
L  was  affected  by  what  came  down  A.  The 
other  arrows  shown  in  the  figure  denote  the 
direction  taken  by  the  discharges  down  the 
other  branch  drains,  and  are  submitted  as  a 
problem  for  the  student's  consideration. 

Fig.  367,  is  a  plan  of  an  old  manhole  found  in 
a  London  house,  which  is  drawn  to  further  show 
the  necessity  of  properly  arranging  side  inlets 
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to  manholes.  The  main  channel  was  6  in. 
across  and  the  side  inlet  4  in.  The  branch  was 
from  a  W.C.  about  20  ft.  distant,  and  this  drain 
had  about  i  ft.  fall  in  its  length.  The  W.C.  was 
fairly  well  flushed  by  means  of  a  2  gal.  siphon- 
action  cistern,  through  a  pipe  i|  in.  in  diameter. 
Such  was  the  velocity  of  discharge  from  the 


W.C.  that  immediately  opposite  the  branch  drain 
was  a  pyramid  of  paper,  projecting  from  the 
upright  side  of  the  main  channel  to  a  distance 
of  about  3  in.  This  was  pushed  away  and 
experiments  tried,  when  it  was  found  that  every 
time  the  W.C.  was  flushed  and  pieces  of  soft  or 
bibulous  paper  used,  the  paper  was  almost 
invariably  thrown  against  the  side  of  the  main 
channel,  where  it  accumulated  until  it  fell  down 
from  sheer  weight. 

Another  illustration  is  shown  by  Fig.  368.  M 
is  a  soil-pipe  from  a  valve  w.C.  on  the  second 
floor  of  a  house.  In  this  case  the  discbarges 
came  down  with  such  violence  that  they 
rebounded  from  the  bottom  of  the  channel,  and 
paper  and  fasces  was  found  to  be  sticking 
to    the  manhole  walls,  as   denoted  by  the 
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arrows.  The  manhole  was  found  to  be  so  very 
dirty  that  it  was  deemed  advisable  to  do  away 
with  the  open  side  channel  and  fix  ordinary 
pipe  bends  instead. 

Several  other  problems  could  be  submitted 
dealing  with  bent  main  channels  instead  of 
aWaight  ones;  the  proper  manner  of  connecting 


them,  and  other  details  that  sometimes  occur  in 
practice.  But  from  what  has  been  said  the 
student  will  not  have  much  trouble  in  properly 
arranging  anything  of  the  kind  that  may  turn 
up  in  his  own  line  of  business.  This  being  so, 
we  may  leave  this  part  of  the  subject  with  a 
few  remarks  on  the  coarse  the  water  or  sewage 
takes  after  leaving  the  end  of  a  branch  channel 
and  enters  the  straight  run  of  drains.  To  make 
this  more  easily  understood,  the  reader  is 
referred  to  Fig.  369.  As  the  water  leaves  the 
branch  it  rushes  up  the  opposite  side  of  the 
straight  pipe,  and  then  by  its  gravity  falls  back 
into  the  bottom  of  it.  In  falling,  sufficient 
velocity  obtains  to  cause  the  water  to  flow  up 
the  opposite  side,  but  as  the  drain  is  laid  to  fall 
in  the  direction  it  is  intended  for  the  water  to 
go,  and  the  angle  of  incidence  is  such  as  to 
direct  the  water  in  the  same  direction,  it  follows 
that  this  occurs  some  distance  down  the  drain. 
This  washing  up  takes  place  on  alternate  sides 
as  the  water  is  flowing  down  the  drain  until 
gravity  overcomes  these  side  motions,  and  the 
water  then  flows  along  the  bottom  of  the  pipes 
until  another  change  of  direction  in  the  drains 
takes  place,  when  the  above  is  repeated.  In  the 
figure  the  wavy  lines  show  the  course  of  the 
water.  If  a  small  piece  of  anything  that 
would  float  in  water  was  placed  at  N  or  O,  it 
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would  often  be  found  to  remain  there  until 
water  came  down  the  straight  pipe  to  wash  it 
away,  or  a  very  small  dribble  should  come  down 
from  the  branch  at  a  very  low  velocity  so  as  to 
run  into  the  bottom  of  the  straight  drain.  As 
an  experiment,  the  students  could  whitewash 
the  inverts  of  a  manhole  channels  and  note  the 
parts  that  are  washed  clean  by  the  water  flow- 
ing through  them. 

When  iron  drains  are  used  the  channels  in  the 
manholes  should  be  made  of  the  same  material. 
With  plain  straight  channels  there  is  no  diffi- 
culty in  this  matter;  but  when  two  or  three 
branch  drains  are  connected  to  the  manhole,  it 
is  necessary  to  have  special  made  castings  to 
suit  the  work  to  be  done.  Unfortunately,  it 
happens  that  there  are  very  few  manholes  that 
are  similar,  every  one  being  in  some  detail 
different  to  any  other.  A  few  stock  patterns  of 
cast-iron  channels  could  be  kept  for  use,  but 
the  very  high  cost  of  patterns  for  special  made 
ones  is  a  serious  bar  to  their  being  so  generally 
used  as  they  should  be.  I  think  the  Americans 
areaheadof  usinthis  matter.  Oneof  their  leading 
firms  had  some  specimens  of  cast-iron  channels 
and  manhole  floors  on  show  at  one  of  our  Eng- 
lish Exhibitions  in  1881.  Although  we  have  two 
or  three  English  engineers  who  know  the  value 
of  such  fittings,  it  is  only  on  rare  occasions  that 
they  are  used. 
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Another  point  not  generally  considered  by 
sanitary  engineers  or  plumbers  is  the  advantage 
of  Iceeping  the  sewage  in  the  channels  by 
forcible  means,  or  preventing  any  bad  odours 
that  may  be  generated  in  the  drains  from 
accumulating  in  the  manholes.  One  way  of 
doing  this  is  to  make  covers  to  fit  the  channels 
and  bolt  them  on  so  as  to  be  both  air-tight  and 
water-tight. 

A  very  good  channel  connection  of  this  kind, 
which  is  patented,  is  shown  by  Fig.  370.  The 
cover  plate  is  fastened  on  by  means  of  a  hinged 
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bar  Z,  and  a  lever,  with  a  cam  arrangement,  at 
Y.  On  pressing  down  the  lever  the  cover  plate 
is  forced  down  onto  its  seating  on  the  edges  of 
the  channel.  The  writer  has  tested  these 
fittmgs  to  drains  by  means  of  smoke,  and  also 
by  hydraulic  pressure,  and  has  found  them  to 
be  perfectly  sound.  The  cover  keeps  the 
sewage  in  the  channels,  and  also  prevents  any 
drain  air  accumulating  in  the  manholes.  The 
only  disadvantage  they  have  is,  rods  cannot  be 
so  easily  passed  up  the  branch  drains  as  when 
the  ends  are  open  and  as  shown  in  Figs  365 
to  369. 

Fig.  371  is  copied  from  a  drawing  of  the  cast- 
iron  channels  designed  for  a  manhole  in  an 


Earl's  mansion  in  London.  The  side  channels, 
on  removing  the  cover  plate,  are  opened,  and  it 
is  easy  to  pass  any  rods  through  them.  The 
sketch  speaks  for  itself.  The  bolts  were  gun- 
metal,  as  iron  ones  would  have  rusted  in,  and 
after  a  time  become  difficult  to  remove.  When 
such  channels  are  used,  it  is  not  absolutely 
necessary  to  have  air-tight  covers  to  the  man- 
holes, but  it  is  advisable  to  have  them.  I  think 
it  necessary  to  add  that  the  channels,  as  above 
arranged,  were  for  manholes  that,  of  necessity. 


had  to  be  made  inside  the  house.  When  the 
manholes  are  outside,  it  is  unnecessary  to  take 
such  extraordinary  pains  in  their  construction; 
and  any  accumulation  of  sewage  gases  in  the 
manhole  can  be  prevented  or  got  rid  of  by  ven- 
tilation.   This  will  be  referred  to  further  on. 

It  should  be  a  standing  rule,  that  whenever 
possible  to  do  without  them,  manholes  should 
never  be  made  inside  the  house.  Necessity 
sometimes  compels  their  use  inside,  but  in  some 
cases  the  same  objects  can  be  gained  by 
other  means  than  the  one  above  referred  to,  and 
shown  by  Fig.  371.  As  an  example,  we  will 
assume  that  Fig.  372  is  a  plan  of  a  piece  of 
drainage  where  four  pipes  are  connected  tn  the 
main  drain.  All  the  pieces  shown  in  the  figure 
are  ordinary  stock  patterns  as  kept  by  some 
manufacturers.  All  the  "  sight-holes  "  shown 
at  A,  A,  can  be  removed,  and  rods  used  to  push 
away  any  obstruction  that  might  get  fixed  near 
those  points.  If  these  pipes  occupied  so  much 
space  that  the  access  cliamber  would  be  con- 
sidered too  large,  it  would  only  be  necessary  to 
build  smaller  ones  to  each  cover-plate.  In 
cases  where  the  branches  were  of  a  considerable 
length,  the  "sight-holes"  should  be  near  the 
highest  ends.  In  a  great  number  of  instances 
the  highest  ends  of  the  drains  are  so  close  to 
the  surface  that  ordinary  paving  stones,  with  a 
ring  attached  for  lifting,  placed  over  the  "sight- 
holes,"  would  be  much  better  than  manholes  as 
the  workman  could  do  all  that  was  necessary 
from  the  surface  of  the  ground.  Let  it  be 
clearly  understood  that,  with  iron-drains,  some 
means  of  access  must  always  be  provided,  as  a 
hole  for  removing  any  obstruction  cannot  be 


made  in  iron  so  easily  as  stoneware.  This  may 
be  looked  upon  as  an  advantage  in  favour  of 
iron-drains,  as  they  cannot  be  mutilated  in  the 
same  manner  as  the  other  kind  by  those  pests 
of  society,  the  "handy-man." 

Where  convenient,  a  ventilating-pipe  or  air 
drain  should  be  continued  from  the  space  sur- 
rounding the  sight-holes  to  the  open  air. 

With  manholes,  built  in  the  ordinary  way 
with  earthenware  channels,  inside  the  house  it 
is  always  advisable  to  make  doubly  sure  against 
any  escape  of  drain  air  by  fixing  two  air-tight 
covers,  one  over  the  channels  and  one  over  the 


LECTURES  TO  PLUMBERS. 


manhole  at  ground  level.  A  simple  method  is 
shown  by  Fig.  373,  which  is  a  section  of  a  man- 
hole. In  the  sketch,  B  is  an  ordinary  gal- 
vanised cast-iron  air-tight  cover,  embedded  m 
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a  large  piece  of  York  stone  C,  which  lays  on 
the  walls  of  the  manhole  from  4  in.  to  6  in.  all 
round.  D  is  a  piece  of  \\  in.  slate  slab  of  the 
same  size  as  the  inside  of  the  manhole,  and 
cemented  down  air-tight.  The  centre  of  this 
piece  of  slate  is  cut  out  and  another  piece  larger 
than  the  hole,  but  small  enough  to  pass  through 
the  upper  cover,  is  bolted  down  with  a  washer 
between  it  and  the  fixed  piece  so  as  to  make  it 
air-tight. 

When  bedding  the  stone,  C,  great  care  should 
always  be  taken  to  ensure  its  being  air-tight. 
The  man  should  get  inside  the  manhole  and 
point  with  cement  those  parts  to  which  the 
arrows  direct.  When  testing  drains  by  means 
of  smoke,  and  the  lower  air-tight  cover  has  not 
been  fi.xed  in  the  manhole,  any  escaping  be- 
tween the  York  stone  and  the  walls  will 
frequently  get  beneath  the  paving,  travel  a  con- 
siderable distance,  and  finally  escape  through 


the  joints  of  the  flooring  at  some  distant  place. 
A  case  of  this  occurring  comes  to  memory 
where,  when  testing  the  drains  at  a  large  public 
school,  the  smoks  escaped  as  above  described 
and  passed  into  one  of  the  scholars'  private 
studies,  the  scholar  at  the  time  being  laid  up 
with  scarlet  fever. 

When  a  manhole  is  constructed  as  Fig.  373> 
an  air  or  ventiiating-pipe  should  be  fixed  as 
shown  at  E,  so  that  if  by  any  means  sewage 
gases  should  escape  through  the  lower  cover 
they  could  pass  away  to  the  open  air.  It  would 
be  a  further  advantage  to  fix  two  of  these  pipes 
in  such  a  way  that  one  would  act  as  an  "inlet" 
and  the  other  as  an  "outlet,-'  and  thus  get  a 
current  of  air  through  the  space  between  the 
two  air-tight  covers. 

When  manholes  are  fixed  outside,  but  in  a 
position  adjacent  to  doors,  windows,  or  other 
openings  into  the  house,  they  should  have  "air- 
tight covers"  to  them.  Nearly  all  makers  of 
sanitary  fittings  have  their  own  speciality  in 
these  covers,  and  also  in  the  method  of  making 
the  air-tight  joints.  Some  kinds  are  better  than 
others,  but  nearly  all  the  writer  has  seen  labour 
under  the  disadvantage  of  not  being  perfect 
after  they  have  been  disturbed  or  opened, 
unless  the  packing  or  lutings,  as  the  case  may 
be,  has  been  properly  attended  to.  Over  and 
over  again  it  has  been  found  that  a  cover  has 
been  removed  for  some  purpose  or  other,  and 
simply  replaced,  without  due  attention  having 
been  given  to  the  jointing;  with  the  result 
that  it  has  been  found  defective  when  a  smoke 
test  has  been  applied  to  the  drain. 

In  some  instances  the  manholes  can  be,  and 
are,  constructed  some  distance  from  the  house. 
If  in  unobjectionable  positions,  large  wrought 
iron  gratings  should  always  be  fixed,  instead 
of  the  air-tight  covers.  The  reasons  for  this 
will  be  given  under  our  next  heading. 
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FOR  our  present  purpose  we  will  assume  that 
the  drains  are  properly  trapped  and  discon- 
nected from  the  sewer,  cesspool,  or  other  out- 
fall. 

We  have  already  given  one  reason,  when 
speaking  of  sizes  of  drains  and  the  duty  they 
have  to  perform,  for  taking  means  to  i)icvent 
their  being  "air  bound,"  especially  during  a 
heavy  rainfall,  so  we  need  not  dwell  upon  that 
branch  of  the  subject.  Neither  need  we  deal 
with  siphonage  of  drain  traps,  as  the  arguments 
used  on  soil-pipes  and  their  traps  will  also 
apply  to  this.  What  we  have  principally  to 
consider  is  the  arrangements  for  ventilation, 


and  any  branch  of  the  subject  which  has  not 
been  referred  to  under  other  headings.  One  ot 
these  is,  "  How  ventilation  can  be  made  to 
prevent  decomposition  of  any  matters  that  may 
be  in  the  drains  ?"  The  popular  idea  is  that 
ventilation  is  intended  to  get  rid  of  sewage 
gases  out  of  the  drains  instead  of  how  to  pre- 
vent their  generation,  and  which  should  be  the 
primary  consideration.  We  all  know  that  a 
piece  of  animal  matter  can  be  kept  in  an  air- 
tight vessel,  and  from  which  as  much  air  as 
possible  has  been  extracted,  for  an  'nJefinite 
period  of  time  without  its  decomposing,  liut  11 
a  small  quantity  of  air  can  gain  access  into  tne 
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vessel  the  contents  will  slowly  putrefy,  and  in 
so  doing  will  give  off  the  same  gases  that  we 
get  from  sewage  when  decomposing.  Now,  if 
the  same  animal  matter  had  been  exposed  to 
a  brisk  current  of  dry  air,  the  moisture  would 
have  evaporated  out  of  it  and  decomposition 
would  have  been  arrested.  These  are  natural 
laws,  and  we  should  make  use  of  them  as  our 
guides  when  arranging  for  the  ventilation  of 
drains. 

The  first  thought  should  be  to  flush  all  offen- 
sive matters  through  the  drains,  but  this  we 
cannot  deal  with  now  without  getting  our  sub- 
ject mixed,  so  we  will  confine  ourselves  to  their 
ventilation.  In  some  cases,  it  is  not  at  all  ob- 
jectionable to  have  all  manholes,  even  when 
quite  close  to  the  house,  with  open  gratings 
over  them,  and,  in  long  lengths  of  drainage,  the 
more  openings  and  gratings  the  better  for  their 
ventilation.  We  all  know  that  a  short  chimney 
to  a  fireplace  does  rot  draw  so  well  as  one 
which  is  much  higher.  If  we  approach  our 
subject  from  this  point  of  view,  we  should 
come  to  the  conclusion  that  stacks  of  "upcast" 
ventilation-pipes  would  cause  a  brisker  air  cur- 
rent to  pass  through  the  drains  than  would  occur 
with  plain  open  gratings  at  the  ground  level. 
Where  expense  and  opportunity  do  not  stand 
in  our  way  tliis  is  the  better  plan. 

Before  dealing  with  the  sizes  and  arrangement 
of  the  drain  vents  we  will  assume,  ist,  that  the 
drains  are  so  well  laid  that  all  matters  can  pass 
freely  through  them,  and  that  ihere  are  no 
parts  in  which  sewage  can  accumulate;  2nd, 
that  the  drains  are  well  flushed,  and  that  suffi- 
cient clean  water  passes  through  to  float  all 
w.c.  and  such  like  matters  away;  3rd,  that  all 
traps  under  fittings,  and  all  gully  traps  are  so 
small  that  their  contents  are  changed  each  time 
they  are  used;  and  4th,  that  all  the  sanitary 
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fittings  are  in  constant  use  at  such  frequent 
intervals  of  time  that  the  contents  of  the  traps 
beneath  them  had  not  time  to  become  offen- 
sive. 

If  these  assumptions  could  be  obtained  we 
should  then  only  require  to  thoroughly  dry  the 


insides  of  the  drains  so  far  as  they  had  been 
wetted  by  the  discharges  sent  through  them.  It 
may  be  thought  that  the  above  assumptions  are 
placed  on  too  high  a  standard,  but  there  is  no 
reason  why  things  should  not  be  as  stated. 
The  only  bar,  perhaps,  is  what  is  thrown  down 
the  scullery  sink,  but  by  a  proper  arrangement 
even  this  evil  could  be  modified. 

The  sizes  of  the  vents  should  always  exceed 
in  sectional  area  that  of  the  drains.  To  help  us 
in  this  matter  we  will  refer  to  the  block  plan 
of  a  house.  Fig.  374,  which  shows  the  soil 
drains  and  manholes  only.  There  are  other 
branch  drains  from  sinks,  baths,  &c.,  but  they 
are  not  shown  as  they  are  not  necessary  for 
our  purpose.  At  F,  F,  are  4  in.  lead  soil-pipes 
continued  to  the  roofs  for  ventilation.  In  our 
problem  we  have  six  4  in.  pipes  acting  as  drain 
ventilators  on  a  6  in.  drain.  If  the  manhole 
over  the  main  trap  has  a  large  grating,  equal 
in  area  to  the  size  of  the  manhole,  only  as  much 
air  v>ill  pass  through  as  would  be  equal  to  that 
passing  through  a  6  in.  pipe.  If  all  the  soil- 
pipes  were  trapped  at  the  bottom  ends,  and 
each  had  a  separate  provision  for  ventilation 
it  would  be  necessary  to  fix  independent  venti- 
lation-pipes for  the  drains,  and  these  pipes 
should  be  large  enough,  and  so  placed,  as  to 
ensure  a  brisk  current  of  air  through  the 
drains  to  thoroughly  dry  them  inside.  In 
our  problem  we  have  assumed  that  the 
soil-pipes  are  acting  as  drain  vents,  so 
we  will  now  proceed  to  work  it  out  on 
those  lines.  The  manhole  G  has  a  large 
grating  over  it,  but  all  the  others  have  air- 
tight covers.  A  column  of  air  6  in.  in  diameter 
passes  from  G  to  manhole  H,  but  at  this  point 
we  have  a  6  in.  and  a  4  in.  drain  to  supply  with 
air.  We  have  enough  for  the  6  in.  from  the 
first  manhole  but  must  provide  another  inlet  at 
this  point  to  supply  the  4  in.  drain.  So  that 
the  drain  beyond  the  manhole  J  may  have  its 
requirements  satisfied,  it  will  be  necessary  to 
admit  sufficient  air  into  that  manhole  to  supply 
the  soil-pipe  which  is  connected  with  it.  At 
the  manhole  K,  there  are  two  6  in.  drains  con- 
nected together.  One  of  these  is  supplied  with 
air  from  J,  but  an  air  opening  equal  in  area  to 
a  6  in.  pipe  must  be  provided  to  supply  the 
other  one.  The  manhole  L  receives  two  4  in. 
drains  which  are  connected  to  two  4  in.  soil- 
pipes.  The  proportion  of  the  6  in.  drain  to  the 
two  4  in.  pipes  is  as  36  is  to  32,  so  this  part  of 
the  system  does  not  call  for  any  special  treat- 
ment with  regard  to  fresh  air  supply.  The 
drain  from  manhole  K,  through  M,  N,  and  O, 
has  two  4  in.  upcasts,  and  these  are  nearly  equ;il 
in  area  to  the  6 in.  drain,  so  neither  does  this 
section  of  drainage  require  any  additional  fresh 
air  inlets.  To  ensure  that  the  ventilation  of  the 
soil-pipes  and  drains  shall  be  equally  dis- 
tributed, and  so  that  one  section  shall  not  rob 
another  of  its  air  it  becomes  a  necessity  to  feed 
the  various  points  as  above  described.  By 
carefully  arranging  the  fresh  air  inlets  and  the 
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top  ends  of  the  ventilation  or  soil-pipes  a  brisk 
air  current  can  be  kept  passing  thiough  the 
drains  which  would  have  a  tendency  to  dry 
them  or  anything  that  may  lie  in  them;  always 


provided  that  everything  is  arranged  on  the 
assumptions  above  described.  Perfection  on 
this  matter  may  not  be  obtained,  but  every 
effort  should  always  be  made  to  attain  the 
highest  point  of  excellence.    It  is  an  open  ques- 


tion if  it  would  not  be  better  to  have  no  dram 
ventilation  at  all  than  have  some  of  the  arrange- 
ments that  are  frequently  met  with. 

The  air  inlets,  when  arranged  as  above 
described,  should  be  connected  to  the  manholes 
in  such  a  way  that  the  air  in  them  is  in  constant 
motion.  The  manholes  should  be  ventilated  as 
well  as  the  drains.  . 

In  what  has  been  said  on  drain  ventilation 
we  have  assumed  that  the  manholes  were  so 
situated  that  open  gratings  could  be  used  for 
the  admission  of  fiesh  air.  In  some  instances 
it  may  be  found  necessary  to  prevent  any 
reversals  of  the  air  currents.  In  these  cases  it  is 
sometimes  advisabe  to  use  one  of  the  valves 
illustrated  by  Figs.  341  and  342.  When  one  of 
these  valves  is  used  attention  should  be  paid  to 
the  way  it  is  connected  to  the  manhole. 

In  practice  it  has  been  found  that  steam  from 
any  hot  water  in  the  drains  has  passed  into  the 
inlet-pipe  and  pressed  the  mica  valve  so  close 
onto  its  seating,  that  all  ventilation  has  been 
arrested  until  the  steam  had  condensed^ 
•^7'!  represents  such  a  case.  The  branch 
drain,  P,  was  from  a  scullery  sink  only  a  few 
feet  away,  and  the  steam  from  the  hot  water 
passed  into  the  air  inlet,  as  shown  by  the  arrow, 
and  pressed  the  valve  back  onto  its  seating,  i  o 
prevent  this  it  may  sometimes  be  necessary  to 
connect  the  air  drain  near  to  the  bottom  of  the 
manhole,  as  shown  by  dotted  lines,  t  'g-  375 
will  be  referred  to  again  under  our  next  heading 
of  Disconnection  of  Drains. 


DISCONNECTION   AND  TRAPPING  OF  DRAINS. 


OUR  last  figure  shows  a  "  disconnecting  trap 
and  manhole.     This  arrangement  should 
always  be  fixed  at  or  near  the  discharging  end 
of  the  main  drain,  from  a  house  or  building,  for 
the  following  reasons.  When thedrain  discharges 
into  a  cesspool,  the  contents  of  the  cesspool  are 
continually  being  stirred  up  by  what  parses  into 
it,  thus  setting  free  the  gases  which  ar  se  fiom 
the  decomposition  of  the  sewage.    As  the  cess 
pool  is  generally,  or  should  be,  situated  some 
Sistancf  from  the  house,  it  would  be  very  un- 
wise to  allow  any  air  in  the  cesspool  to  pass 
through  the  drain  and  up  to  the  house  whe  e 
any  defective  fittings  would  allow  the  air  to 
escape  and  poison  the  inmates. 

If  a  cesspool  is  not  used,  but  the  sewage  is 
discharged  onto  the  land,  it  is  st.ll  advisable  to 
have  a  disconnecting  trap  fixed  near  the  outlet 
end  When  the  drain  is  connected  to  a  sewer, 
which  is  common  to  several  houses,  or  streets 
of  houses,  the  probability  is  that  should  any 


illness  of  a  certain  kind  take  place  in  one  part 
and  the  disease  germs  Irom  the  P^^^/ Pf,; 'J  ° 
the  sewers,  contagion  may  be  spread  from  house 
o  house       disconnecting  trap  IS  no   fixed  to 

cut  off  air  communication  between  the  sewers 

'"f3u't°rt'raps"mustbeofa  good  description, 
of  a  kind  ha?  have  the  contents  removed  by 
°  ch  flush  sent  through,  and  not  of  such  a  size 
as  those  shown  by  Figs.  220  and  221,  n  an 
earlier  lecture,  which  are  cesspools  in  them- 
Ltes!  if  is  highly  probable  that  the  maUer 
retained  in  these  traps  is  su.table  for  ce.tam 

kinds  of  germs  to  propagate  1^"^^  ^^^^^^T^ 
a  hreedinir  centre  for  disease.  It  is  not  necesbciiy 
toSi  o'n  the  sizes  and  shapes  of  d-sconnec ung 
traps  as  an  earlier  lecture  was  devoted  to  that 
Kch  of  the  subject.  Neither  need  we  re-open 
the  question  of  mechanical  l'aP^ 
preventing  a  back  flow  of  sewage  into  the  house 

drains. 


CONNECTION  OF  DRAINS  WITH  SEWERS. 
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TT  is  beyond  our  province  to  deal  with  public 
J  sewers,  yet  it  is  necessary  to  consider  a  few 
points  in  connection  witli  our  heading.  Firstly, 
all  drains  should  be  arranged  so  that  the  matter 
passing  out  of  them  would  fall  into  the  "  invert," 
or  bottom  of  the  sewer,  and  not  run  down  the 
walls  so  as  to  foul  them.  Neither  should  the 
ends  of  the  drains  project  so  far  into  the  sewer 
as  to  form  obstructions  to  the  free  flow  of 
sewage  during  an  extraordinary  flush  after,  or 
during  a  heavy  rainfall  or  other  cause;  in  which 
case,  the  ends  of  the  pipes  would  sometimes  be 
covered  with  water  and  solids  would  cling  to 
the  projections.  Secondly,  the  position  of  the 
connection  of  the  drain  to  the  sewer.  Fig.  376, 
is  a  section  of  an  ordinary-shaped  sewer,  and  for 
our  present  purpose  we  will  assume  that  water 
is  running  through  it  at  the  depth  shown  in  the 
figure.  So  long  as  this  depth  of  water  is  not 
exceeded,  discharges  from  the  drain  marked  A, 
would  flow  freely  away.  But,  if  the  level  of  the 
water  was  to  rise  so  as  to  cover  the  end  of  this 


drain  it  would  become  "air-bound"  between 
this  point  and  the  disconnecting  trap.  The 
writer  has  found  the  air,  pent  up  as  explained, 
to  become  so  compressed  as  to  blow  out  the 
stoppers  placed  in  the  cleaning  holes  shown  at 
C,  in  Figs.  233  and  234,  and  other  traps  of 
similar  construction.  The  removal  of  these 
stoppers,  by  any  means,  renders  the  disconnect- 
ing traps  perfectly  useless,  as  air  from  the 
sewers  can  then  pass  freely  into  the  house  drains 
through  the  openings  lett. 

If  the  drain  had  been  connected  as  shown  at 
B  the  water  would  have  had  to  rise  considerably 
higher  before  the  above  could  have  occurred 
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and  the  sewer  would  have  had  to  be  nearly 
three  parts  filled  before  the  drain  fixed  as 
shown  at  C  was  similarly  affected.    But  in  this 
latter  case  another  evil  would  sometimes  occur. 
As  a  rule,  sewers  are  very  rarely  properly 
ventilated,  so  that  should  they  become  nearly  or 
wholly  filled  with  water,  the  air  in  them  would 
be  forced  out,  and,  so  long  as  the  branch  drains 
had  open  ends  in  the  sewer,  this  air  would  be 
pushed  through  the  branches  and  disconnecting 
traps.    It  may  be  said  that  this  is  not  of  much 
importance,  as  the  escaping  air  would  pass  up 
the  house  drain  ventilation  pipes  to  where  it 
could  do  no  harm;  the  water  would  afterwards 
fall  back  into   the  trap,  and  everything  be 
reduced  to  its  original  condition.     But  this  is 
not  an  end  of  the  matter.    If  the  gorging  of  the 
sewers  was  caused  by  a  sudden  rain  storm,  and 
all  waters  had  dribbled  off  roofs  and  pavements 
after  the  storm,  and  before  the  sewers  had  run 
themselves  down  to  their  ordinary  level,  the  air 
necessary  tor  filling  the  void  left  by  the  subsid- 
ing waters  would  have  had  to  pass  through  the 
disconnecting  trap  to  gain  access  to  the  sewer. 
In  doing  this  the  passing  air  would  have  pushed 
the  water  out  of  the  trap  into  the  sewer,  and 
there  would  have  been  no  means  for  re-charg- 
ing it  with  water.    In  the  case  of  an  empty 
house  it  is  possible  for  the  trap  to  be  some  con- 
siderable length  of  time  partially  unsealed  if 
affected  in  this  matter.    Even  when  a  house  is 
occupied,  the  trap  could  be  rendered  useless  for 
a  time,  if  the  above  events  were  to  take  place 
during  those  hours  that  the  sanitary  fittings 
were  npt  being  used.     With   these  varying 
aspects  of  our  problem  before  us  it  is  really 
difficult  to  decide  which  is  the  best  position  for 
connecting  the  house  drains  to  the  sewers, 
although  one  feels  disposed  to  think  that  the 
one  shown  at  C  would  be  the  best,  provided  the 
sewers  were  properly  ventilated.    As  a  matter 
of  fact  engineers  do  not  have  much  choice  in 
this  matter,  as  most  local  authorities  have 
certain  rules  which   they  insist  upon  being 
carried  out. 

There  are  certain  "flaps"  and  "valves" 
which  are  sometimes  used  for  preventing  the 
air  in  the  sewers  being  forced  into  the  house 
drains.  Some  of  these  are  very  good  under 
certain  conditions,  but  others  are  very  untrust- 
worthy and  cannot  be  depended  upon  to 
answer  their  intended  purpose.  These  fittings 
were  described  some  time  ago,  and  are  illus- 
trated by  Figs.  239,  240,  241,  242,  and  243. 

Our  third  point  is  the  importance  of  having 
the  connection  of  drain  with  sewer  made  per- 
fectly sound  and  water  tight.  Cases  have  been 
known  where  sewage  has  passed  through  such 
defective  joining,  then  by  the  sides  of  the  drain 
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pipes,  and  flooded  the  lower  parts  of  houses. 
Also  of  cases  where  the  drains  between  the  dis- 
connectin<j  traps  and  sewers  have  been  so  badly 
jointed  that  every  time  an  extra  rainfall  came 
so  as  to  flood  the  sewers  and  fill  these  branch 
drains,  the  earth  beneath  basement  floors  was 
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saturated  with  the  sewage  that  escaped  out  of 
the  joints  of  this  part  of  the  drainage.  Quite 
recently  the  writer  superintended  some  works 
where  the  drains  had  to  be  relaid  because  of 
this  evil,  although  flap  valves  were  fixed  on  the 
sewer  end  of  the  drains. 


METHODS  OF  TESTING  DRAINS. 


THIS  is  an  important  branch  of  our  subject, 
and  it  is  necessary  to  enter  fully  into  its 
various  details.     No  one  of  limited  experience 
can  really  appreciate  how  essential  it  is  that  all 
drains  shall  be  thoroughly  tested.     Very  few 
know  how  to  apply  the  tests,  and  most  people 
are  in  total  ignorance  of  the  responsibility  they 
assume  when  they  undertake  anything  of  the 
kind.     To  begin  with  the  responsibihties;  how 
often  does  illness  occur  through  undiscovered 
defects  in  drains,  and  who  has  to  take  the  con- 
sequences of  this  ?    Any  one  who  has  not  been 
thorough  in  any  examination  or  testing  that  he 
has  done  is  liable  to  be  sued  in  a  court  of 
justice  for  damages  for  any  illness  that  may 
arise,  and  which  could  be  traced  to  the  drains. 
A  sixpenny  smoke  rocket,  or  sixpennyworth  of 
essence  of  peppermint,  is  not  by  any  means  a 
test  of  the  soundness  of  any  drain,  and  yet  how 
many  people  have  issued  a  certificate  as  to  the 
healthy  condition  of  a  house   on   no  better 
evidence  than  what  has  been  given  by  those 
tests.    Next,  the  moral  responsibility.     No  one 
should  undertake  any  work  of  the  above  descrip- 
tion until  he  has  been  thoroughly  trained,  and 
had  some  practical  experience,  any  more  than  a 
doctor  of  medicine,  or  a  surgeon,  can  practise 
in  either  of  those  professions  until  he  has  passed 
certain    examinations,  both    theoretical  and 
practical.     People  who  lack   the  necessary 
knowledge  frequently   make  fearful  blunders, 
and,  although  they  may  in  some  cases  escape 
the  law  and  its  penalties,  it  must  be  admitted 
that  they  are  morally  responsible  for  any  evils 
that  may  result  from  their  ignorance  in  the 
details  of  what  they  undertake  to  do. 

But  there  is  another  side  to  this  question.  A 
man  may  be  so  earnest  in  his  undertakings  that 
he  may  prove  too  much.  Or,  he  may  be  so 
careless,  when  testing  the  drains  of  a  house, 
that  he  will  get  false  results  and  condemn  works 
that  are  free  from  defects.  To  do  this  would  be 
to  libel  the  house  and,  perhaps,  be  the  cause  of 
a  puichaser  or  tenant  being  lost.  In  this  case, 
too  there  is  always  a  liablility  of  the  law  being 
appealed  to,  to  adjust  any  pecuniary  loss  that 
tlie  owner  may  have  suffered,  through  an  incor- 
rect statement  having  been  made  with  regard  to 
the  drains  or  sanitary  arrangements  of  a  house 
or  dwelling. 


Hemmed  in  as  sanitary  plumbers  or  engineers 
are  by  the  above  considerations,  it  becomes  a 
necessity,  when  making  a  sanitary  survey,  to 
always  give  a  plain,  unvarnished  description  of 
what  is  found.     Never  hide  a  defect,  no  matter 
how  trivial,  nor  make  any  additions  so  as  to 
exaggerate  the  facts  as  they  actually  exist. 
Further  than  that,  never  listen  to  the  statements 
made  by  interested  persons.    Make  your  own 
examinations,  apply  your  own  tests  and  draw 
your  own  conclusions.    In  a  gr.eat  number  ot 
cases  you  will  get  abused  if  you  do  this.  Some- 
times you  will  get  sneered  at  and  taunted  with 
being  a  "  faddist."     If  the  statements  made  by 
these  interested  persons  could  be  relied  upon 
you  may  rest  assured  that  you  would  not  have 
been  sent  for.    The  fact  of  your  being  sent  for 
implies  that  you  are  trusted  ;  would  it  be  right 
to  betray  that  trust  ?  Or  is  your  reputation  so  un- 
important that  you  are  willing  to  sacrifice  it  at 
the  instigation  of  some  one  who  would  dupe  you  ? 
Several  times  the  writer  has  been  accused  with 
"  You  are  finding  fault  with  everything."  The 
reply  being,  "Yes  !  I  am  here  on  purpose;  it  is 
for  you  to  have  the  work  so  well  done  that  I 
cannot  find  fault."    Should  any  of  you  ever  be 
called  upon  to  make  a  survey  of  the  sanitary 
arrangements  of  a  house,  always  be  very  careful. 
Go  about  it  in  a  methodical  manner,  apply  the 
most  severe  tests  that  you  can,  so  that  if  there 
is  a  defect  you  are  sure  to  find  it.  Remember 
what  there  is  at  stake.     It  may  be  a  valuable 
life,  it  may  be  your  reputation,  or  it  may  be  such 
a  sum  of  money  as  would  ruin  you  in  business. 

After  these  words  of  caution  as  to  your  con- 
duct we  will  now  proceed  to  describe  the 
different  ways  of  testing  drains.  First  dea  ing 
with  their  construction  and  then  with  their 
soundness.  When  drains  are  laid  perfectly 
straight,  and  have  access  manholes  at  the  bends 
and  junctions,  they  can  be  looked  through  to 
examine  if  they  are  free  from  obstruction.  It 
the  channels  in  the  manholes  are  so  deep,  or  so 
narrow,  or  if  the  manholes  are  so  small,  tha  a 
man  cannot  get  his  head  down  so  as  to  be  able 
to  look  through  the  drains,  he  can  use  a  small 
hand  mirror  and  by  holding  it  in  a  suitable 
position  can  see  a  considerable  distance  into 
The  drain.  A  light  at  the  other  end  of  the  drain, 
or  a  second  hand-mirror  held  to  reflect  the  sun  s 
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rays,  if  the  day  is  suitable,  wiU  help  to  expose 
any  irregularity  or  partial  stoppage  in  the 
drains. 

If  it  is  not  convenient  to  examine  the  drain 
by  the  above  means,  and  if  there  is  no  manhole 
at,  or  near,  the  lower  end,  it  is  then  necessary 
to  expose  the  drain  at  that  part,  and  break  an 
opening  into  it  so  that  the  inside  can  be  seen. 
Or,  better  still,  take  away  a  length  of  the  pipe 
and  dig  a  hole  so  that  a  pail  could  be  placed  to 
catch  anything  that  came  out  of  the  drain. 
A  pailful  of  water,  emptied  through  a 
gully  trap,  W.C.,  or  other  fitting,  near  the  highest 
end  of  the  drain,  would  pass  through  and  fill  the 
pail  placed  beneath  the  lowest  end,  provided 
there  was  nothing  to  obstruct  the  flow  of  water 
and  the  drain  was  not  so  very  defective  as  to 
allow  the  water  to  escape  out  of  it.  Drains  are 
sometimes  found  to  be  so  defective  that  no  water 
at  all  has  reached  the  lower  pail  until  a  consider- 
able quantity  has  been  discharged  into  the  drains 
at  the  highest  end.  Another  test  for  freedom 
from  obstructions  is  to  throw  a  few  apples  or 
potatoes  into  the  highest  end  of  the  drains  and 
then  notice  how  many  pailsful  of  water  are 
necessary  to  float  them  to  the  outlet  end.  It  is 
interesting  to  sometimes  cut  notches  or  other- 
wise mark  the  potatoes  or  apples,  so  as  to  be 
able  to  recognise  them,  and  throw  them  into  the 
drains  one  at  a  time  with  about  as  much  water 
as  is  used  by  any  ordinary  w.c.  discharge,  and 
note  if  they  come  out  in  the  same  order  they 
were  put  in.  This  test  sometimes  gives  very 
strange  results.  The  vegetables  used  should 
not  be  too  round  so  that  they  would  roll  down 
the  drains.  Another  test  which  sometimes  gives 
strange  results  is  to  put  a  piece  of  paper  in  a 
w.c,  and  pull  the  handle  so  that  the  paper  is 
floated  into  the  drains.  This  to  be  done  several 
times  in  succession.  Different  coloured  pieces 
of  paper  should  be  used.  The  results  will  be 
found  to  vary  very  much,  especially  if  the  drains 
are  not  in  good  order  or  have  many  bends  in 
them.  If  the  length  and  fall  of  a  drain  is 
known  and  a  stop-watch  is  used  to  take  the  time 
that  a  kiiown  quantity  of  water  takes  to  pass 
through,  and  the  proper  time  is  exceeded  there 
is  always  reason  to  suspect  the  presence  of  some 
obstacle  in  the  drain.  If  a  pailful  of  clean  water 
is  sent  into  a  drain  at  its  highest  end  and  fouled 
water  is  found  to  pass  out  at  the  bottom  end, 
this  is  positive  proof  that  the  drains  are  either 
improperly  laid  with  bagged  parts,  or  have 
obstructions,  or  else  they  are  not  properly 
flushed.  Cases  have  come  under  the  writer's 
notice  where  several  bucketsful  of  water  were 
thrown  into  the  drains  before  clean  water  was 
seen  to  pass  through  the  outlet  end. 

One  of  the  commonest,  and  at  the  same  time 
most  misleading  tests  for  soundness  of  drains, 
is  known  as  the  "  peppermint  test."  Other 
essences,  such  as  cloves,  &c.,  are  sometimes 
used  in  the  same  way  as  the  mint.  In  unskilled 
hands  this  kind  of  test  is  very  misleading. 
Some  people  will  pour  the  essence  into  the  drain 


through  a  guUey-trap,  down  a  soil-pipe,  or  into 
a  w.c,  and  in  doing  so  will  fill  the  surrounding 
air  with  the  odour.    Others  will  empty  a  small 
phial  of  the  essence  into  a  can  of  boiling  water 
and  then  empty  the  mixture:  into  any  opening 
they  can  find  in  connection  with  the  drains.  In 
addition  to  the  steam  escaping  from  the  mixture 
in  the  can  being  wafted  by  the  wind  into  all 
sorts  of  places,  the  can  itself  is  sometimes 
carried  about,  and,  of  course,  the  test  is  at  once 
rendered  worthless  by  this  proceeding.    In  the 
first  place  the  test  should  never  be  applied  in, 
or  near,  any  place  where  there  is  reasonable 
cause  to  suspect  there  is  a  defect,  but  at  some 
distance  away  from  it.    In  the  next  place  the 
hot  water  and  essence  should  be  mixed  inside 
the  drain  or  soil-pipe,  and  not  outside.    If  the 
test  is  being  applied  through  a   soil-pipe,  a 
bundle  of  old  rags,  a  worthless  sponge  sus- 
pended on  a  piece  of  string,  or  a  piece  of  paper 
shaped  into  a  cone,  like  a  sugar  paper,  should 
be  placed  a  few  inches  inside  the  top  end  of  the 
soil-pipe  and  a  small  phial  of  the  essence  then 
poured  down.    The  bottle  should  be  left  where 
the  test  is  applied  or  shied  as  far  away  from  the 
house  as  possible.    The  top  end  of  the  pipe 
should    be   covered    with   a    wetted  flannel 
immediately  after  the  essence  has  been  thrown 
down.    A  waler  can,  with  a  lid  and  small- 
sized  spout,  should  be  at  hand  filled  with  boiling 
water.    The  nozzle  of  the  can  spout  should  then 
be  inserted  beneath  the  flannel  and  the  hot 
water  poured  into  the  pipe  so  as  to  fall  onto  the 
rag,  sponge,  or  paper   cone,   as   quickly  as 
possible;  and  as  soon  as  the  can  has  become 
empty  the  flannel  should  be  tightly  jammed  into 
the  end  of  the  pipe.    The  lid  of  the  can  should 
not  be  opened;  neither  should   the    can  be 
removed  from  the   place   where  the  test  is 
applied.    When  applying  the  test,  vapour  or 
steam,  will  fill  the  can;  hence  the  necessity  of 
not  taking  it  inside  or  near  the  house.  Essence 
of  cloves  is  applied  in  the  same  manner  as 
above  described.    If  any  serious  defects  exist 
in  the  drains  or  soil  pipes  of  a  house  and  they 
are  not  built  in  recesses  in  walls  or  covered  with 
impervious  paving,  the  above  test  will  soon 
make  the  defects  known  provided  that  the  air- 
currents  are  in  the  right  directions.    The  writer 
has  applied  this  test  down  a  soil-pipe  as  above 
described,  and  found  the  odour  of  peppermint 
escaping  ifrom  a  grating  over  the  sewer  in  a 
street,  but  could  not  find  the  least  trace  in  the 
house,  although  there  were  known  defects. 
The  test  also  varies  in  its  results  between  empty 
and  occupied  houses.    When  fires  are  burn- 
ing in  a  house  the  results  generally  come 
quicker  than  when  there  are  no  fires.  When 
the  soil-pipes  and  drains  are  covered  up,  the 
peppermint  test  frequently  fails  to  betray  any 
defects  that  are  in  existence.     In  other  cases 
the  test  is  so  long  in  finding  a  means  of  escape 
after  passing  through  broken  pipes,  &c.,  that  it 
has  been  thought  there  were  no  defects.  Such 
an  examule  occurred  at  a  genlleaiau's  mansion 
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in  Devonshire.     The  test  having  been  apphed 
one  morning  and  no  defects  exposed,  it  was 
assumed  that  if  there  were  any  they  coula  only 
be  trivial.    But  on  going  the  next  day  the 
odour  seemed  perceptible  all  over  the  house, 
even  in  the  bedrooms,  especially  those  which 
had  had  fires  burning  in  them  over  night.  Un 
enquiring   of  the   servants   when    they   first  ^ 
noticed  the  smell  of  the  mint,   they  said  it 
was  about  supper  time  and  after  all  outside 
doors  and  windows  had  been  closed  for  the 
night.    This  explained  the  whole  matter.  Fires 
burning  in  various  parts  of  the  house  required 
a  certain  amount  of  air  to  feed  them  and 
to  replace  that  which   had    passed  up  the 
chimneys.    After  all  windows  and  doors  had 
been  shut  this  air  had  to  come  from  anywhere, 
and,  amongst  the  rest  of  the  places,  from  defec- 
tive drains  and  soil-pipes. 

There  are  other  ways  of  applying  this  test, 
such  as  in  gelatine  capsules,  which  can  be 
thrown  into  the  drain,  to  be  followed  with  suffi- 
cient hot  water  to  melt  the  casings  and  allow 
the  mint  to  escape.  The  apparatus  of  a 
•'smoke  machine  "  has  been  used  to  drive  the 
peppermint  vapour  into  the  drains  and  soil 
pipes.  There  are  also  patented  apparati  for 
applying  this  test.  After  several  years'  expen- 
ience  the  writer  has  come  to  the  conclusion  that 
the  peppermint  test  is  not  at  all  trustworthy  for 
either  drain  or  soil  pipe  testing,  and  he  only  uses 
it  when  he  has  no  other  means  at  his  disposal. 

It  sometimes  falls  to  the  writer's  lot  to  find  if 
any  connections  between  bedrooms  and  w.c.s 
exist.    Some  of  these  examinations  are  made 
prior   to   midwifery   cases;   others  where  a 
recovery  from  an  illness  has  been  retarded  pre- 
sumably from  certain  bad  odours  being  present 
in  the  bedroom;  and  in  scores  of  cases  because 
of  the  local  smells,  which  arise  during  the  tinie 
the  w.c's  are  being  used,  being  noticed  m 
various  apartments  in  the  house.    To  apply  a 
peppermint  test  for  finding  if  smells  from  a  W.C. 
can  pass  into  other  places,  great  pains  have  to 
be  taken  to  make  it  reliable.    The  first  thing  to 
do  is  to  prepare  several  strips  of  paper  by  past- 
ing them.    Then  place  a  bowl  of  boiling  water 
in  the  closet  and  empty  a  small  phial  of  the 
essence  into  the  contents  of  the  bowl.  In 
some  cases  it  is  best  to  break  the  bottle  instead 
of  spending  three  or  four  seconds  in  slowly 
emptying  it.     The  capsules  above  referred  to 
are  very  good  to  use  for  this  purpose.  In"".^' 
diateiy  the  peppermint  is  mixed  with  the  boil- 
ing water  the  closet  door  should  be  closed  and 
the  strips  of  pasted  paper  placed  over  the  joints 
of   the  door  and  any  other  openings  not 
forgetting    a     small    piece    over   the  key- 
hole.   In  most  cases,  the  odour  of  the  test  will 
be  found  to  pass  through  defective  partitions  or 
floors,  sometimes  through  pipe  casings,  and  be 
found  in  the  rooms.    A  piece  of  very  dry  brown 
paper,  sprinkled  with  ground  sulphur,  and  made 
to  smoulder  by  burning,  is  another  good  test  for 
this  purpose. 


Sulphuric  ether  is  another  vapour  lest  for 
applying  to  drains  and  soil-pipes.  A  good- 
sized  sponge  suspended  in  a  drain  or  soil-pipe 
by  means  of  a  piece  of  string,  and  saturated 
with  ether  is  an  easy  way  of  applying  this  test 
The  sponge  should  not  be  allowed  to  touch  any 
water,  and  neither  should  any  light  be  exposed 
near  the  pipes  being  tested.  Mixed  with 
atmospheric  air,  ether  is  very  explosive,  hence 
the  necessity  of  great  care  being  taken  when 
using  it.  The  vapour  of  ether  can  be  driven 
into°drains  by  means  of  a  smoke  machine. 
This  test  is  a  little  quicker  in  finding  its  way 
through  any  defects  than  peppermint. 

Burning  brimstone  or  sulphur  in  the  drains  is 
another  test  sometimes  applied.    An  old  iron 
bucket  partly  filled  with  red-hot  coals,  placed  in 
the  drain,  and  powdered  sulphur  thrown  onto 
the  fire  will  soon  fill  the  pipes  with  the  vapoun 
Another  way  is  to  have  a  vessel  of  methylated 
spirits  of  wine  placed  in  the  drains,  set  on  fire, 
and  a  stick  of  brimstone  stood  on  end  in  the 
vessel  so  that  it  will  burn  freely.    The  writer 
generally  applies  this  test  in  the  following  way  : 
Take  three  or  four  dry  newspapers,  or  an  equal 
quantity  of  any  kind  of  wastepaper,  saturate  it 
with  petroleum  or  any  mineral  oil,  sprinkle 
powdered  brimstone  over  the  mass,  roll  it  up 
like  a  miniature  bolster  and  place  it  in  an  open- 
ing made  in  the  drains  or  in  a  manhole  if  there 
is  one  over  the  drains,  set  fire  to  it,  and  close 
the  opening  so  that  no  fumes  can  escape.  This 
test  is  much  better  than  any  that  have  been 
described,  in  that  a  thin  smoke  is  made  and  can 
be  seen  provided  it  is  not  filtered  by  passing 
through  the  ground  or  other  covering  over  the 
pipes.    In  houses  that  are  occupied  this  test 
should  not  be  applied  if  there  is  reasonable 
cause  for  thinking  that  there  are  any  serious 
defects  in  the  drains  or  soil-pipes,  as  the  fumes 
from    the    sulphur    will    render    the  place 
unbearable  for  living  in.  „  ,  . 

Smoke  "  rockets "  as  they  are  called,  have 
been  much  used  these  last  few  years  for  drain 
testing.  One  is  shown  by  Fig.  377-  ,  This  test 
can  easily  be  applied.  If  the  drains  have  man- 
holes there  is  very  little  trouble  in  setting  fire 
to  the  rocket  and  placing  it  in  the  end  ot  ttie 
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drain  it  is  intended  to  test,  or  three  or  four  can 
be  used  if  the  drain  is  a  large  one.  If  tl^e^^st 
is  applied  in  this  manner  the  user  should  be 
very  careful  how  he  goes  about  it.  The  writer 
was  once  overcome  when  testing  drains  at  a 
?iouse  near  Bournemouth  with  four  of  these 
rockets.  The  fumes  so  filled  the  manho.e, 
which  was  about  5  ft.  deep,  that  he  could  not 
find  his  way  out;  and  but  for  an  asMStant 
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dragging  him  out  by  his  hands  in  an  almost 
insensible    state    and    laying   him   on  the 
grass,  these  lines  would  never  have  been 
written.    The  trouble  arose  through  one  of 
the  rockets  going  off  before  the  others  were 
fairly  lighted.    If  there  are  no  manholes  the 
test  can  be  applied  through  a  hole  made  in  an 
exposed  part  of  the  drains.    Another  way  is  to 
bale  the  water  out  of  a  gulley-trap,  have  a 
piece  of  board  cut  to  fit  over  the  trap,  and 
bed  it  down  air-tight  with  putty,  clay,  or  other 
suitable  material.    The  board  to  have  a  hole 
through  the  centre  for  inserting  the  end  of  the 
rocket.    After  firing  and  placing  it  in  the  hole, 
a  piece  of  putty  or  soft  clay,  should  be  folded 
round  the  rocket  to  keep  any   smoke  from 
escaping  between  it  and  the  hole  through  the 
board.    If  the  drain  or  soil-pipe  ventilator  is 
made  of  lead  it  will  sometimes  melt  if  the  rocket 
is  placed  in  the  top  end.    For  this  reason,  and 
also  because  the  smoke  from  the  rocket  will 
pass  upwards  better  than  downwards,  the  rockets 
should  be  inserted  into  the  drains  in  preference 
to  the  ventilators.    Sometimes  this  test  answers 
its  purpose  fairly  well,  but  in  others  it  will  prove 
a  total  failure.    As  it  is  important  that  all  tests 
should  be  reliable,  it  would  be  very  unsafe  to 
trust  to  this  method   of  discovering  defects. 
Another  objection  is  that  the  rockets  last  only  a 
short  time.    Some  will  burn  out  in  less  than  five 
minutes,  but  others,  made  to  order,  will  last 
from  ten  to  fifteen  minutes.    If  there  is  a  defect 
in  any  drain,  or  pipe  connected  with  it,  bad  air 
can  escape  through  the  opening  continuously. 
This  air  may  pass  very  slowly  through  pave- 
ments, floors,  wooden  casings,  or  mortar,  before 
it  is  free  to  mix  with  the  air  in  the  house.  But 
as  the  air  is  escaping  always,  that  is,  night  and 
day,  the  applied  test  should  also  be  long  and 
extend  over  a  period  of  some  hours.    It  is 
possible  to   keep    on    burning    rockets  in 
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succession,  but  this  is  a  tiresome  task,  and  in 
the  end  very  expensive.  The  writer  uses  large 
numbers  of  rockets,  but  only  when  it  is  not  con- 
venient to  use  a  "  smoke  machine."  We  will 
now  refer  to  machines  for  making  smoke  and 
forcing  it  into  the  drains. 

We  may  premise  any  further  statements  by 
saying  that  an  advantage  of  smoke  testing  is 
the  visibility  of  the  results.  Smoke  can  be  seen 
as  well  as  smelt,  whereas,  when  using  vapour 
tests,  one  can  hunt  by  scent  only. 


One  of  the  oldest,  if  not  the  oldest,  machines 
made  for  smoke  testing  is  shown  by  Fig.  378. 
The  apparatus  consists  of  a  chamber  in  which 
is  burnt  specially  prepared  paper.  A  piece  of 
bent  pipe  connects  the  combustion  chamber  to 
the  body  of  a  casing  in  which  is  fitted  a  centri- 
fugal fan  which  is  driven  at  a  high  rate  of 
speed.  The  revolution  of  the  fan  draws  a  cur- 
rent of  air  into  the  combustion  chamber,  and, 
on  being  converted  into  smoke,  then  impels  it 
into  the  drains  through  the  necessary  tubing,  or 
other  connection.  This  apparatus  can  be  kept 
working  continuously  for  any  number  of  hours 
at  a  stretch,  it  being  only  necessary  to  feed  the 
combustion  chamber  from  time  to  time,  and 
empty  the  ashes  after  the  paper  is  burnt.  A 
piece  of  flexible  indiarubber  tubing  is  generally 
used  for  connecting  the  machine  to  the  drains 
or  other  pipes  to  be  tested,  but  I  find  this  to  be 
a  frequent  source  of  bother,  and  so  use  a  piece  of 
lead  pipe  instead.  When  applying  the  test,  the 
machine  should  be  connected  properly  to  the 
drains,  and  as  soon  as  smoke  is  seen  to  issue 
out  of  the  ventilation  pipe  the  end  should  be 
sealed  up  with  a  plug,  or  wad  of  suitable 
material,  to  prevent  any  escaping.  If  there  are 
several  ventilation  pipes  in  connection  with  the 
drains,  they  should  each  be  plugged  as  soon  as 
smoke  is  seen  to  pass  outwards.  It  is  important 
that  this  should  be  done  as  described.  If  the 
pipe  ends  are  plugged  before  smoke  is  seen  to 
escape,  it  is  highly  probable  that  no  smoke  will 
get  into  the  vent  pipes  or  soil  pipes  if  they  are 
connected  with  the  drains,  so  that  actually  these 
pipes  do  not  get  tested.  In  some  cases,  where 
there  are  serious  defects,  the  pent  up  air  will 
escape  through  the  holes,  and  smoke  will,  of 
course  follow. 

Where  there  is  a  considerable  extent  of 
drainage  to  be  tested,  it  is  sometimes  advisable 
to  have  two  of  these  machines  at  work  at  the 
same  time.  If  this  is  not  convenient,  the  drains 
should  be  tested  in  sections.  As  a  matter  of 
fact  this  test  is  not  at  all  reliable  as  a  drain 
test.  Results  may  be  given,  and  defects  found, 
but,  on  the  other  hand,  the  drains  may  be  in  a 
very  bad  condition,  and  nothing  discovered  by 
its  means.  Not  that  I  am  going  to  condemn 
this  kind  of  machine,  on  the  contrary,  I  have 
used  them  for  several  years,  and,  for  certain 
purposes,  I  consider  them  invaluable.  To  take 
one  example  out  of  some  hundreds  that  could  be 
given;  where  a  smoke  machine  has  rendered 
good  service.  At  Eastbourne,  when  endeavour- 
ing to  find  if  a  case  of  typhoid  fever  was  likely 
to  have  occurred  through  defective  drains,  the 
use  of  a  machine  exposed  a  big  blunder  that 
had  been  made  in  the  sanitary  and  rain  water 
arrangements  of  a  house.  The  house  had  been 
built  about  three  years.  On  driving  smoke  into 
the  sewage  drains  the  writer  was  surprised  to 
find,  after  the  test  had  been  at  work  for  about 
five  hours,  that  smoke  was  getting  into  the  bed- 
rooms on  the  attic  floors  from  the  rain  water 
pipes.    These  pipes  were  connected  with  drains 


174  LECTURES 

leading  into  an  underground  tank,  the  overflow 
from  which  was  connected  to  the  soil  drains. 
Although  a  trap  was  fixed  in  the  overflow  drain 
there  was  no  water  in  it,  so,  of  course,  it  was 
perfectly  useless.  Whether  the  water  had 
evaporated  out  of  the  trap,  or  if  any  water  had 
ever  been  put  into  it,  is  not  known.  The  use  of 
a  smoke  machine  proved  that  air  from  the 
sewage  drains  was  passing  into  the  rooms  on 
attic  floors,  and  it  would  have  been  difficult  to 
have  found  this  out  by  any  other  means,  unless 
all  the  drains  had  been  exposed.  Defective 
drain  traps,  bad  connections  between  soil  pipes 
and  drains,  and  hosts  of  other  defects,  are 
frequently  found  by  the  use  of  this  machine. 

Another  kind  of  smoke  testing  apparatus  is 
shown  by  Fig.  379.  Much  as  I  like  the  one 
last  described,  I  must  say  that  I  prefer  this  one 
for  all  round  work.  The  machine  consists  of  a 
small  double  action  bellows,  which  forces  air 
through  a  combustion  chamber,  in  which  oily 
cotton  waste  is  made  to  smoulder.  A  pipe  is 
fixed  to  convey  the  smoke  from  the  machine 


into  the  drains.  Some  years  ago  the  cotton 
waste  used  was  had  from  the  engine  sheds  at 
railway  termini,  but  as  this  oily  waste  is 
always  liable  to  take  fire  by  spontaneous  com- 
bustion (this  did  actually  occur  in  a  luggage 
van  at  Oundle  Station,  when  the  writer  was 
journeying  to  a  country  mansion),  clean  waste  is 
now  always  taken,  and  a  tin  can  of  oil,  so  that 
it  can  be  prepared  as  wanted.  It  takes  some 
little  practice  to  get  used  to  this  machine,  and, 
unless  its  action  and  working  are  thoroughly 
understood,  the  tests  are  liable  to  be  rendered 
unsatisfactory.  In  the  first  place,  a  pressure  of 
from  lo-ioths  to  30-ioths  can  be  applied  to  the 
pipes  being  tested,  and  that  is  sufficient  to 
burst  through  the  water  seals  of  the  various 
gullies  and  traps  under  W.C.'s.  In  the  case  of  a 
drain,  with  only  one  ventilation  pipe,  it  would 
be  unwise  to  plug  the  end  of  it,  as,  by  doing  so, 
the  air  inside  would  become  so  compressed  as 
to  break  the  water  seals  of  the  trap.  Where 
there  are  several  drain  vent  pipes,  they  could 
all  be  plugged  at  the  top  ends,  with  the  excep- 
tion of  one,  which  should  be  left  as  a  relief  pipe. 
Then,  again,  the  machine  should  not  be  worked 
too  fast,  or  flames  would  be  driven  into  the 
drains,  and  set  fire  to  the  smoke  in  them,  with  the 
result  that  it  would  explode  and  blow  the  water 
out  of  the  various  traps,  or  else  the  top  off  the 
machine.  By  constant  practice  one  gets  to  be 
able  to  form  an  opinion  as  to  the  foulness  of 
drains,  simply  by  watching  the  action  of  the 
machine.     If  the   machine  is   being  slowly 
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worked,  and  the  top  keeps  blowing  off,  or  the 
water  forced  out  of  the  outer  jacket  of  the  com- 
bustion chamber,  it  is  always  safe  to  assume 
that  the  drains  are  foul  and  badly  ventilated. 
The  explosions  occur  through  the  gases  from 
decomposed  sewage  catching  fire.  Another 
point  to  remember  is,  the  machine  must  be 
worked  at  one  particular  speed,  which  varies  at 
different  jobs,  otherwise  the  water  in  the  traps 
will  start  vibrating,  the  motions  corresponding 
with  those  of  the  machine  bellows,  and  eventu- 
ally sufficient  will  wave  out  of  the  traps  to  allow 
the  smoke  to  escape  through  them.  Those 
traps  that  are  nearest  to  the  machine  are 
generally  found  to  be  the  most  affected. 

As  a  pressure  can  be  applied  by  this  machine 
a  more  severe:  test  can  be  made  by  plugging  all 
ventilation  pipes,  and  sealing  down  all  gully 
traps,  or  those  under  any  fittings  that  are  in 
direct  communication  with  the  drains.  In  some 
instances  this  is  difficult  to  do,  but,  by  a  little 
consideration,  it  is  generally  found  possible  to 
gain  this  object.  A  pressure  can  then  be 
applied  equal  to  a  column  of  water  2  in.  or  3  in. 
high,  with  the  result  that  if  there  are  any  delects 
in  the  work  they  are  found  much  sooner  than  if 
no  pressure  had  been  applied.  When  applying 
the  test  in  the  manner  described,  it  is  necessary 
to  place  weights  on  the  cover  of  the  combustion 
chamber,  otherwise  it  would  lift  off  by  the 
internal  pressure.  An  air  pressure  test,  minus 
the  smoke,  can  be  applied  by  the  same 
machine.  Another  kind  of  smoke  testing 
machine  is  shown  by  Fig.  380.  This  is  spoken 
well  of,  but  never  having  used  it,  or  seen  it  used, 
the  writer  is  not  prepared  to  say  anything 
about  it. 

All  the  machines  named  should  be  used  some 
distance  from  the  house,  as  it  is  almost  impos- 


sible to  prevent  any  smoke  that  may  escape 
from  the  machine  itself,  being  wafted  by  air 
currents  into  the  house.  This  occurs  mostly 
when  the  machine  is  being  started,  or  fed  with 
a  further  supply  of  material.  It  is  also  im- 
portant that  all  windows  should  be  closed,  and 
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where  there  are  floor  or  other  ventilating  grat- 
ings in  the  walls,  near  where  the  machine  is  to 
be  used,  they  should  be  covered  with  pieces  of 
pasted  paper  to  prevent  any  possibility  of  smoke 
passing  through  and  getting  into  the  house. 

In  towns,  one  often  has  to  test  a  house  which 
has  no  "out  of  doors  "  parts  in  the  basement. 
The  house  entirely  covering  the  whole  of  Ihe 
ground,  or  if  there  any  areas  they  have  skylights 
over  them.  If  the  drains  of  such  a  house  are 
"  constructed  on  the  latest  and  most  improved 
principles,"  a  smoke  test  can  be  applied  through 
the  "fresh  air  inlet"  opening,  which  is  accessible 
outside  the  house. 

But  if  an  arrangement  of  this  kind  is  not  pro- 
vided, and  it  is  not  possible  to  attach  the 
machine  to  the  drain  or  soil  pipe  vent,  it  be- 
comes imperative  that  the  test  must  be  applied 
inside  the  house,  in  which  case,  the  machine 
shown  by  Fig.  379  is  the  best  to  use,  as  it  can 
be  charged  and  lighted  in  the  street,  then  car- 
ried into  the  house  and  connected  to  the  drains. 
The  servants'  W.C.  is  generally  found  to  be  the 
most  convenient  place  for  applying  the  test,  the 
water  being  dipped  or  swabbed  out  of  the  trap, 
so  that  smoke  can  be  driven  through  it  into  the 
drain. 

Drains  can  be  tested  by  means  of  com- 
pressed air.  The  process  was  described  in 
"  Plumbing  Practice,"  so  that  it  is  not  necessary 
to  dwell  upon  it  here. 

There  are  a  great  many  other  ways  for  testing 
drains;  in  fact,  anyone  who  has  had  any  experi- 
ence in  this  kind  of  work  can  always  invent 
some  method  when  in  an  emergency.  Peat, 
tar,  waste-paper,  or  straw  can  be  burnt  in  a 
cesspool  or  drain  manhole.  Petroleum,  naphtha, 
or  any  liquid  which  has  a  distinguishing  odour 
can  be  thrown  into  the  drains.  None  of  the 
tests  that  have  been  described  can  be  con- 
sidered thoroughly  satisfactory,  and  he  would 
be  a  rash  man  indeed  who  vouched  for  the 
soundness  ot  any  drains  or  soil  pipes  because 
any  ot  the  methods  that  have  been  described 
failed  to  prove  that  there  were  any  defects. 

The  only  test  that  can  be  at  all  depended 
upon  is  the  "  water  test,"  sometimes  called  the 
"hydraulic  test."  By  plugging  up  the  ends  of 
the  drains  and  filling  them  with  water  any 
defects  are  sure  to  be  discovered.  If  the  drains 
are  newly  laid  they  should  be  tested  and 
examined  fiom  end  to  end  before  they  are 
covered  up.  On  completion  of  the  work  the 
test  should  be  again  applied,  but  in  this  latter 
case  the  only  way  of  knowing  if  everything  is 
sound,  is  by  watching  the  surface  of  the  water 
in  the  manholes,  or  some  other  place  which  is 
accessible  to  view.  When  testing  drains  with 
water  the  manholes  should  also  be  tested,  as  it 
is  quite  as  important  for  them  to  be  sound,  as 
the  drains.  At  first  sight,  this  method  of  find- 
ing if  the  drains  are  defective,  appears  to  be 
quite  easily  applied.  Under  certain  conditions 
it  is  so;  but  there  is  a  great  deal  to  be  con- 
sidered beyond  what  appears  on  the  surface  of 
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the  subject.  We  will  now  deal  with  a  few 
points  that  are  found  to  crop  up  in  practice. 

It  is  always  a  good  plan  to  keep  a  record  of 
the  quantity  of  water  that  is  discharged  into  the 
drains.  This  can  easily  be  done  by  measuring 
the  contents  of  the  cisterns  and  reducing  them 
to  gallons.  Or,  if  the  water  is  being  drawn 
from  a  branch  from  a  main,  instead  of  from 
cisterns,  the  time  the  water  is  running  should 
be  kept,  and  the  quantity  discharged  in  a  given 
time  should  be  measured  as  a  basis  to  work 
upon.  The  length  and  size  of  drains  should 
also  be  measured  and  their  capacity  worked  out. 
If  by  this  method  it  is  found  that  sufficient 
water  has  been  sent  into  the  drains  to  more  than 
fill  them,  further  efforts  in  this  direction  would 
simply  mean  a  waste  of  time.  To  make  this 
quite  clear,  we  will  assume,  and  woik  out  a 
problem.  The  drains  of  a  house  are  of  the 
following  lengths — 

9  in.  pipes  =  50  ft. 

6  in.     „    =100  ft. 

4  in.     „    =200  ft. 
and  three  manholes,  each  measuring  3  ft.  6  in.  x 
2  ft.  6  in.  X  3  ft.  6  in.  average  depth. 

To  find  the  quantity  of  water  necessary  to 
fill  them  we  proceed  as  follows  :  3  ft.  6  in.  x 
2  ft.  6  in.  X  3  ft.  6  in.  =  30  ft.  7  in.  x  three  gives 
the  cubical  capacity  of  the  manholes  x  6^  =  574^ 
the  total  number  ot  gals,  that  they  will  hold. 

For  the  pipes  we  have — 
9  in.  X  9  in.  x  "034*  X  50 =.137^  gals,  in  9  in.  pipe. 
6  in.  X  6  in.  X  "034  X  100=  I22i    „     ,,  6  in.  „ 
4  in.  X  4  in.  X '034  X  200=  109      „    „  4  m.  „ 

369 

Add   574      „   „  manholes 

Total   943  gals. 

necessary  for  filling  the  drains  and  manholes. 

If,  on  measuring  the  capacity  of  the  cisterns, 
or  more  properly  speaking,  the  quantity  of 
water  in  them,  it  is  found  that  they  hold  more 
than  943  gals,  and  yet  the  drains  are  not  filled 
by  this  quantity,  it  tends  to  prove  that  some  has 
I         leaked  away. 

When  the  water  is  drawn  direct  from  the 
main  service,  the  water  can  be  measured  by 
means  of  a  tub  or  a  bucket.  If  a  bucket  is 
12  in.  deep  and  the  mean  diameter  11  in.  by 
the  rule  used  before  we  get  1 1  in.  X  1 1  in.  X  "034= 
4n  14  gals,  that  the  bucket  holds.  If  it  takes, 
say,  eight  seconds  to  fill  the  bucket,  we  find  that 
it  would  take  30^  minutes  to  fill  the  drains  if 
the  pipe  was  kept  running  at  the  same  speed 
without  any  interruption.  If  the  drains  are  not 
filled  in  this  time  it  proves  that  they  are  defec- 
tive, and  it  would  be  a  waste  of  time  to  proceed 
further  with  the  testing.  Indeed,  if  the  water 
was  kept  running  the  earth  round  the  drains 
would,  in  some  cases,  get  so  charged  with  it 

•  Rule.  Diameter  squared  and  multiplied  by  ■034=gals. 
per  foot  run  of  pipe. 
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that  earth  and  drains  would  all  fill  up  to  the 
same  level  and  thus  lead  to  the  false  conclusion 
that  the  drains  were  perfectly  sound.  In  these 
cases  water  will  be  found  to  run  out  of  the 
ground  into  the  drains  for  some  hours  after 
they  have  been  emptied. 

When  drains  are  to  be  submitted  to  the  water 
test  great  care  should  be  taken  when  selecting 
the  kind  of  pipes  to  use.    It  is  always  advisable, 
when  ordering  pipes,  to  insist  upon  the  manu- 
facturer giving  a  guarantee  that  they  will  stand 
the  test.    There  are  a  great  many  pipes  made 
that  look  fairly  good,  but  on  testing  them  they 
will  be  found  literally  to  leak  like  a  riddle. 
Others  are  so  porous  that  on  filling  them  with 
water  they  will  be  found  to  be  covered  on  the 
outside  with  small  globules  similar  to  a  deposit 
of  dew.    Other  pipes,  although  they  may  not 
actually  leak,  are  spongy  in  texture  and  will 
absorb  a  certain  quantity  of  water,  the  result 
of  this  being  that  when  a  drain  has  been  filled, 
the  water  will  be  found  to  subside  at  the  sight 
hole  or  point  of  observation,  and  lead  to  the 
conclusion  that  it  is  leaking  away.  When 
makers  will  not  give  any  guarantee  as  to  the 
quality  of  the  pipes,  it  is  then  best  to  test  them 
on  the  works  before  using  them.    One  bad  pipe 
in  a  length  of  drainage  is  sometimes  a  serious 
matter,  as  it  is  so  very  difificult  to  take  it  out  to 
fix  a  better  one.     If  once  a  drain  is  muti- 
lated it  cannot  be  made  satisfactory  again  with- 
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out  a  great  deal  of  trouble,  and  would  probably 
lead  to  relaying  the  whole  length.  Of  course, 
the  defect  could  be  "botched,"  but  some 
people  would  consider  this  to  be  almost  a  crime. 
In  addition  to  testing  the  pipes  they  should 
also  be  examined  as  to  their  straightness  and  to 
their  smoothness  inside. 

A  difficulty  often  presents  itself,  when  testing 
drains,  in  getting  them  filled  with  water, 
especially  those  branches  that  have  gully  or 
intercepting  traps  at  the  extreme  ends.  No 
matter  how  the  water  is  run  into  the  drains,  air 
will  be  driven  up  to  those  parts,  and  it  is 
difficult  to  get  rid  of  it.    The  water  may  be 


baled  or  swabbed  out  of  the  traps  to  allow  the 
air  to  escape,  but  the  whole  of  it  cannot  be  got 
rid  of  by  that  means.    A  bent  tube  can  some- 
times be  passed  beneath  the  dip  of  the  trap,  as 
shown  by  Fig.  381,  but  this  cannot  be  efficiently 
applied  without  first  baling  the  water  out  of  the 
trap  and  fitting  the  tube  before  the  testing 
water  has  risen  up  to  that  level.    The  tube  can- 
not be  fixed  when  the  trap  has  water  in  it,  or 
some  would  get  into  the  tube.    A  piece  of  i  in. 
lead  pipe  is  best  for  the  purpose,  as  it  can  be 
bent  a  little  at  a  time  when  passing  it  through 
the  trap,  so  as  to  get  to  the  highest  point  shown 
at  A.    Some  traps  are  made  with  an  opening, 
as  shown  by  dotted  lines  at  B.     With  this 
kind  the  pent-up  air  woulu  escape  on  removing 
the  stopper  from  the  opening.    When  traps  of 
this  kind  are  used,  care  should  be  taken  to  pro- 
perly seal  down  the  stoppers  after  the  testing  is 
completed.    Cases  frequently  occur  where  this 
has  not  been  done.     Neither  should  these 
openings  be  covered  with  the  pavement,  in  which 
case  a  stranger,  who  had  to  test  the  drains, 
would  not  be  aware  of  their  existence.     A  hole 
made  through  the  pavement,  and  covered  with 
an  iron  plate,  would  give  access  to  the  stopper, 
either  for  letting  out  the  air  in  the  drain  or  for 
passing  a  flexible  rod  through  for  cleansing 
purposes.    In  some  cases  where  this  has  been 
done,  and  the  trap  has  been  used  for  throwing 
dirty  water  into,  it  has  been  found  that  some  of 
this  water  was  splashed  onto  the  pavement  and 
ran  into  the  space  between  the  iron  plate  and 
the  stopper  over  the  drain-opening,  so  that 
when  the  plate  was  removed  an  offensive  smell 
was  discovered.    For  this  reason  it  is  best  to 
add  a  short  piece  of  drain-pipe  so  that  the 
stopper  can  be  fixed  level  with  the  pavement, 
and  thus  avoid  having  any  hollow  space  as 
described.    The  stopper  should  be  bedded 
down  with  common  puttv,  and  then  flushed  up 
to  the  pavement-level  with  Portland  cement,  so 
that  on  chipping  away  the  cement  the  stopper 
could  be  got  out  without  breaking  the  pipe- 
socket,  and  be  easily  rebedded  afterwards. 

When  a  length  of  drainage  has  a  manhole  at 
each  end,  and  the  water  is  run  into  it  very 
quickly,  it  will  frequently  occur  that  the  water 
will  vibrate  between  the  manholes  for  a  con- 
siderable length  of  time.  By  careful  watching 
it  will  often  be  found  that  the  water  in  one  man- 
hole will  subside  perhaps  2  in.,  and  rise  to  the 
same  height  in  another  manhole.  After  an 
interval  of  two  or  three  minutes  the  water  will 
gradually  rise  again  to  its  original  level 
first  manhole,  when  the  same  motions  will  be 
repeated  several  times  before  the  water  will 
stand  steady.  As  soon  as  the  drains  have  been 
filled  with  water  a  mark  should  be  made  on  the 
manhole  walls  to  denote  the  water  surface;  or 
the  depth  of  the  water  at  some  particular  place 
should  be  measured  with  the  same  object  1  ne 
time  should  also  be  noted,  and  a  record  kept, 
if  the  water  is  found  to  waste  away,  of  the 
lesults.    If  a  considerable  stretch  of  drainage. 
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with  several  branches,  is  being  tested,  and  they 
are  found  to  leak,  it  then  becomes  necessary  to 
test  in  sections,  so  as  to  locate  where  the  de- 
fects are,  as  it  would  not  be  right  to  condemn 
the  whole  of  the  drains  of  a  house  because  of 
one  or  two  leaking  places.     Frequently  it  is 


found  that  the  drains  themselves  are  perfectly 
sound,  but  the  manholes  are  defective.  To 
make  sure  as  to  which  is  so— the  drains  or  the 
manholes— the  bottom  end  of  the  drain  should 
be  plugged  and  a  bend  fixed  at  the  highest  end, 
in  the  next  manhole,  as  shown  by  Fig.  382,  the 
joint  being  made  in  a  temporary  manner  with 
clay.  The  drain  being  filled  to  the  top  of  the 
bend,  and  found  to  remain  so,  will  prove  it  to 
be  all  right.  The  other  portions  being  tested 
in  a  similar  manner,  and  found  to  be  water 
tight,  would  lead  to  the  conclusion  that  the 
manhole  or  manholes  were  defective.  If  on 
examining  the  manholes  no  defects  can  be  seen, 
it  is  best  to  hatch  the  inside  faces  of  the  walls 
and  coat  or  recoat  them  with  cement,  as  pre- 
described.  If  it  is  found  that  the  drains  are  at 
fault,  they  should  be  exposed  for  examination, 
the  defects  made  good  (if  it  could  be  done  with- 
out botching),  or  the  pipes  relaid,  as  may  be 
found  necessary. 

A  difficulty  always  presents  itself  when  test- 
ing the  drains  of  a  town  house,  in  applying  a 
water  test  to  the  lowest  manhole  in  which  is 
placed  the  disconnecting  trap.  This  manhole 
bemg  similar  to  Fig.  375  in  a  previous  lecture. 
A  plug  can  be  fixed  in  the  trap  easily  enough, 
but  after  the  test  is  completed  it  is  not  so  easy 
to  remove  it  when  the  manhole  is  filled  with 
water.  And  then  again,  there  are  no  means  of 
knowmg,  excepting  in  very  rare  cases,  if  the 
plug  itself  is  leaking  and  allowing  the  water  to 
run  away  into  the  sewer  or  other  outlet.  This 
may  occur  and  lead  to  the  assumption  that  the 
drains  are  defective.  Where  the  manhole  is 
not  very  deep,  a  square  junction  can  be  fixed 
near  the  outgo  of  the  trap,  as  shown  by  Fig. 
383.  The  branch  should  be  the  same  size  as 
the  drain,  or,  if  larger,  it  would  be  better  still 


so  ';liat  the  testing  stopper  would  pass  through 
and  be  fixed  in  the  position  shown  at  C.  On 
completion  of  the  testing,  a  permanent  stopper 
should  be  securely  cemented  in  the  socket  of 
the  branch.  When  the  drains  are  being  newly 
laid  th  ere  is  very  little  difficulty  in  fixing  the 
stopper  as  described;  but  for  re-testing  in  after 
years  it  would  be  necessary  to  excavate  the 
ground  for  access  to  the  branch  pipe  for  insert- 
ing the  stopper  or  plug.  Where  the  cost  would 
not  be  a  bar  to  its  being  done,  a  second  man- 
hole could  be  constructed  for  giving  the  neces- 
sary access  to  the  branch  pipe.  In  this  latter 
case  open  channels  could  be  used,  but  this  is 
not  to  be  recommended,  as  the  manhole  would 
always  be  charged  with  foul  air  from  the  drains, 
which,  generally  speaking,  would  be  difficult  to 
get  rid  of  by  ventilation  or  any  other  method. 
If  iron  drains  were  used,  the  air  tight  channel, 
shown  by  Fig.  370,  but  without  the  branches, 
could  be  fixed,  but  the  Tianhole  would  still  be 
necessary  for  giving  aojess  to  it. 

There  is  very  little  doubt  that  at  some  future 
time  someone  will  invent  a  "  disconnecting 
trap,"  with  a  kind  of  "  sluice  valve  attachment," 
as  shown  at  D,  Fig.  383,  with  a  long  spindle 
from  the  valve  to  the  pavement-level.  As  this 
could  not  veiy  well  be  made  in  stoneware,  the 
trap  and  valve  should  be  made  in  cast-iron,  with 
brass  or  gun-metal  faces  to  the  sliding  valve  or 
its  seatings.  Another  way  for  making  an 
arrangement  for  this  purpose  would  be  to  have 
a  hinged  flap-valve  inside  the  trap  outlet,  with 
necessary  gearing  for  opening  and  shutting  the 
valve.  A  sight-hole,  with  a  shaft  to  the  surface, 
should  also  be  provided,  so  that  it  could  be 
seen  if  the  valve  was  fitting  so  tightly  that  no 
water  was  escaping  past  it  during  the  time  the 
drams  were  being  tested. 

None  of  these  arrangements  would  be  neces- 
sary when  testing  the  drains  of  an  isolated 
country  house,  as  the  extreme  end  or  outlet, 
would,  generally  speaking,  be  easily  accessible 
for  both  plugging  and  examination. 

Sometimes  drains  have  to  be  water  tested, 
and  the  necessary  stoppers  not  being  at  hand. 
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other  means  have  to  be  taken  to  plug  them.  A 
tapered  piece  of  wood  with  some  brown  paper 
wound  round  it  makes  a  good  plug.  A  ball  of 
stiff  clay  pushed  tightly  into  the  pipe  will  resist 
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any  ordinary  amount  of  water  pressure.  A 
brown-paper  bag,  about  the  size  of  the  inside  of 
the  drain-pipes  when  distended,  filled  with  dry 
sawdust  and  jammed  into  the  drain  about  6  in. 
to  10  in.,  will  fit  tightly  when  the  sawdust  begins 
to  swell,  which  it  does  on  being  moistened  by 
the  water.    Sometimes  the  end  of  the  pipe  has 
been  sealed  up  with  plaster  of  Pans,  as  this 
material  is  easily  applied;  and  on  setting,  which 
it  quickly  does,  will  resist  a  great  water  pres- 
sure for  some  considerable  length  of  time,  but, 
if  a  large  quantity  of  plaster  is  used,  it  will  some- 
times swell  with  sufficient  force  to  split  the  end 
of  the  pipe.    When  this  material  is  used  it  is 
best  to  cut  a  disc  out  of  a  piece  of  common 
roofing  slate  or  other  suitable  material;  place  it 
in  the  end  of  the  drain-pipe  and  then  make  a 
plaster  fillet  all  round  the  edges  in  the  same 
manner  that  glass  is  face  puttied  in  a  window 
sash.    It  the  piece  of  slate  is  so  loose  that  it 
will  not  remain  in  its  intended  position,  two  or 
three  loose  bricks  can  be  pushed  into  the  drain 
for  a  backing  to  the  slate. 

The  Use  of  Chemically  Prepared  Papers  and 
other  Tests. 
The  air  that  escapes  from  sewage  drains 
is  generally  mixed  with  certain  gases  that  arise 
from  the  decomposition  and  fermentation  of 
vegetable  and  animal  matters.  Some  of  these 
gases  can  be  detected  by  their  odour,  but  others 
are  almost  entirely  free  from  smell,  although 
under  certain  conditions  their  presence  may  be 
said  to  be  felt. 

One  of  the  most  offensive  smelling  sewage 
gases  is   sulphuretted  hydrogen,  SH2.  The 
odour  from  rotten  eggs  is  because  of  the  pres- 
ence of  this  gas.    Sulphuretted  hydrogen  has 
the  peculiar  property  of  turning  the  colour  of 
lead  paints.  It  is  of  common  occurrence  to  find 
the  walls,  doors,  seats,  and  other  parts  of  a 
water  closet  that  have  been  painted  white,  or 
stone  colour,  to  have  the  appearance  of  having 
been  black-leaded.    Open  privies  attached  to 
houses,  especially  in  country  places,  are  often 
found  to  have  the  painted  parts  discoloured  by 
the  action  of  this  gas.    Even  when  the  gas  is 
not  present  in  sufficient  quantity  to  act,  as  de- 
scribed, on  the  walls,  &c.,  it  will  frequently  be 
found  that  where  it  has  been  the  practice  to  close 
the  painted  flap  of  the  W.C.  enclosure,  a  round 
disc  of  discoloured  surface  on  the  flap,  of  the 
same  size  as  the  seat-hole,  is  found  when  it  is 
raised.    Where  rain  water  pipes,  that  have  been 
protected  with  paint,  the  body  of  which  was 
composed  of  white  lead,  have  been  in  connec- 
tion with  sewage  drains,  the  spaces  above  and 
near  the  joints  have  turned  almost  black  by  the 
action  of  the  same  gas.  Wherever  painted  work 
has  become  discoloured  in  this  manner  it  may 
generally  be  assumed  that  sulphuretted  hydrogen 
is  present,  and  as  this  is  a  very  poisonous  gas  it 
cannot  be  considered  safe  to  breathe  the  air  that 
is  mixed  with  it.     If  a  strip  of  while  blotting, 
or  bibulous,  paper  is  dipped  in  a  sohition  of 


plumbic  acetate  and  exposed  in  the  presence  of 
the  above  gas,  it  is  turned  black.  Hence,  this 
is  a  very  good  test  for  discovering  if  the  air  is 
charged  with  sulphuretted  hydrogen. 

The  gas  of  ammonia,  or  spirits  of  hartshorn 
as  it  is  sometimes  called,  is  another  constituent 
of  sewage  gases.     Where  this  gas  is  present  in 
large  quantities  the  person  breathing  it  will  find 
thai  it  attacks  the  mucuous  membrane.  The 
inside  of  the  nostrils  and  the  throat  will  smart 
and  tears  will  run  from  the  eyes.    A  person  en- 
tering a  badly  ventilated  stable,  or  an  urinal 
that  "is  not   properly  cleaned,   will    find  the 
presence  of  ammonia  to  be  very  painful  to  him. 
This  gas  is  fatal  to  life,  and  sets  up  a  violent 
irritation  of  the  lungs  and  the  top  of  the  wind- 
pipe.    A  strip  of  red  litmus  paper  will  turn 
blue,  or  yellow;  and  a  strip  of  yellow  turmeric 
paper  will  turn  brown,  on  being  exposed  to  the 
action  of  ammonia.     Hence,  these  tests  are 
sometimes  applied  to  find  if  that  gas  is  present. 

Carbonic   Anhydride,  or   carbonic   acid,  is 
another  gas  which  escapes  from  the  decay  and 
fermentation  of  certain  matters  that  pass  into 
drains  and  sewers.     We  also  find  this  gas  m 
deep  wells,  especially  when  sunk  through  chalk. 
This  gas  will  not  support  lite,  and  any  quantity 
in  excess  of  4  parts  in  10,000  of  atmospheric 
air  is  positively  injurious  to  animal  life.  The 
presence  of  this  gas  can  be  best  described  as 
giving  a  Etufty  smell.    The  odour  is  not  so  d\s- 
tinctas  either  ammonia  or  sulphuretted  hydro- 
gen.   If  a  place  is  highly  charged  with  carbonic 
anhydride  it  would  be  found  that  a  candle  would 
not  burn  if  placed  in  it.     Where  not  so  highly 
charged,  or  the  gas  was  not  present  in  too  large 
a  quantity,  a  candle  would  burn  with  a  pale  blue 
flame.    When  searching  for  an  escape  of  bad 
air  from  drains,  a  test  of  moist  blue  litmus 
paper  can  be  used,  and  if  carbonic  acid  gas  is 
present  the  paper  will  be  turned  red,  although  it 
will  recover  its  colour  again  by  exposure  to  the 
air.    Another  test  for  carbonic  anhydride  is  to 
place  a  bowl,  or  dish,  of  limewater  in  the  place 
10  be  tested.    If  this  gas  is  present  in  any  con- 
siderable quantity  a  kind  of  scum  will  be  formed 
on  the  surface  of  the  lime  water,  and  any  slight 
motion  being  given  to  the  vessel  will  cause  this 
scum  to  sink  to  the  bottom.    If  a  person  were 
to  breathe  through  a  tube  into  a  vessel  contain- 
ing lime  water,  this  water  would  become  milky 
or"  cloudy  in  appearance,  from  the  carbonic 
anhydride  from  the  lungs  combining  with  the 
lime  in  solution  in  the  water. 

The  decomposition  of  sewage  gives  oft  a 
great  many  gases,  in  addition  to  those  that  have 
been  mentioned,  all  more  or  less  dangerous  to 
health;  but  only  a  chemist,  or  a  man  with  a 
good  chemical  knowledge,  could  separate  them 
into  their  component  parts.  Not  only  are  they 
prejudicial  to  health,  but  some  of  them  are 
highly  explosive.  The  writer  has  frequent  y 
thrown  a  light  into  a  cesspool,  immediately 
after  the  removal  of  the  cover,  when  the  gases 
have  exploded,  and  the  flames  have  gone  up 
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into  the  air  several  feet.  Twice  in  his  experi- 
ence he  has  taken  off  a  cap  and  screw  in  the 
side  of  a  D-trap,  fixed  under  a  sink,  and,  on 
holding  a  lighted  taper  inside,  the  gases  have 
caught  fire  and  burnt  with  a  pale  blue  flickering 
flame.  It  is  not  at  all  uncommon  to  find  that 
the  pent  up  gases  in  the  centre  pipe  of  a  run- 
ning trap  in  a  drain,  similar  to  Fig.  222  in  an 
earlier  lecture,  have  exploded  with  great 
violence  when  a  light  was  taken  near  them. 
This  explosion  of  the  gases  in  the  drains  was 
also  refeiied  to  when  describing  the  application 


of  the  smoke  machine  test.  Let  me  impress 
upon  you  the  necessity  of  being  careful  when 
using  naked  lights  near  foul  drains,  especially 
when  they  have  only  just  been  opened.  A 
bricklayer  who  was  assisting  me  to  make  a 
sanitary  inspection  at  a  house  in  St.  John's 
Wood,  London,  was  slightly  injured  by  a  gas 
explosion  of  this  kind,  and  narrowly  escaped 
being  injured  for  life  through  it. 

It  is  not  necessary  to  dwell  longer  on  this 
branch  of  our  subject,  and  we  will  now  proceed 
to  deal  with  another,  namely,  Flushing  Drains. 


WHEN  writing  on  "Drain  Ventilation,"  refer- 
ence was  made  as  to  the  necessity  of 
keeping  the  drains  clean  by  copious  discharges  of 
water  through  them.  We  all  know  that  in  some 
places  the  supply  of  water  is  very  limited,  and 
it  is  only  reasonable  to  assert  that  in  such  cases 
the  drains  should  be  constructed  so  that  the 
available  supply  would  keep  them  clean.  As 
an  illustration,  assuming  that  the  drains  are 
used  for  sewage  only,  the  rain  water  being  dis- 
charged elsewhere,  if  the  water  supply  is  only 
sufficient  to  flush  100  ft.  of  drain,  the  same 
quantity  could  not  reasonably  be  expected  to 
keep  200  ft.  clean.  If  two  water  closets  were 
fixed  in  a  house,  the  supply  of  water  would  per- 
haps keep  one  clean,  but  by  dividing  this  supply 
so  as  to  flush  two  w.c.'s,  neither  of  them  would 
be  properly  cleansed,  with  the  result  that,  under 
certain  conditions,  the  drains  would  always 
have  sewage  laying  in  them.  In  a  case  of  this 
kind  it  would  be  very  much  better  to  do  away 
with  one  of  the  w.c's,  and  substitute  an  earth 
closet,  to  be  fixed  clear  of  the  house. 

A  water  closet  should  never  be  fixed  if  the 
water  supply  is  not  sufficient  to  keep  it  clean. 
A  w.c.  without  water  is  as  useless  as  a  steam 
engine  without  a  fire. 

And  then  again,  when  the  water  supply  is 
ample  for  all  requirements,  all  the  sanitary 
fittings  and  drains  of  a  house  are  frequently 
found  to  be  in  an  abominably  foul  condition, 
because  of  the  bad  arrangements  made  for 
utilising  the  water  to  the  best  advantage. 

In  the  first  place,  all  waste  water  from  a  house 
should  be  sent  into  the  drains  with  a  certain 
amount  of  force  or  impetus  and  in  as  large 
volumes  as  possible  so  long  as  they  are  not 
flooded  too  much.  If  a  pailful  of  water  is  thrown 
down  a  sink  it  should  not  be  strained  through  a 
small  grating  in  the  sink  and  then  allowed  to 
slowly  dribble  into  the  drain  through  a  small- 
size  waste-pipe  which  discharges  over  the 
grating  of  an  intercepting,  or  gully  trap.    If  a 
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bath  holds  about  40  gals,  of  water,  and  takes 
about  fifteen  or  twenty  minutes  to  empty,  this 
amount  of  water  is  not  nearly  so  useful  for 
cleansing  the  drains  as  it  would  be  if  the  bath 
was  emptied  in  two  to  three  minutes.  A  valve 
w.c.  is.  much  better  than  any  other  kind  for 
doing  its  share  of  duty  in  keeping  the  drains 
clean.  Rain-water  is  of  very  little  use  for  this 
purpose,  and  light  showers  do  more  harm  than 
good  by  bringing  a  great  deal  of  matter  into  the 
drains  which  concretes  together  and  causes  a 
stoppage.  Even  the  small  quantity  of  water 
from  a  wash-basin  should  be  made  to  contribute 
its  portion  of  the  work  of  drain  cleansing.  For 
this  purpose  the  waste-pipe  and  the  connection 
should  be  so  large  that  the  basin  can  be  emptied 
in  two  to  four  seconds.  And  so  on  with  any 
other  fitting  to  which  a  water-supply  is  attached. 

Some  plumbers,  and  sanitary  engineers,  will 
arrange  for  collecting  the  waste  water  from  all 
sinks  and  baths  into  a  tank  with  an  attachment 
for  discharging  the  water  in  large  volumes  into 
the  drains  and  thus  help  to  keep  them  clean. 
Other  engineers  will  object  to  this,  and  state 
that  dirty  water  will  not  cleanse  the  drains  so 
well  as  clean  water,  and  if  the  tank  is  a  long 
time  in  getting  filled  the  contents  become 
decomposed  and  smell  offensive.  Where  the 
water  supply  to  a  house  is  limited  the  waste 
may  be  so  utilised,  but  in  this  case  the  tank 
should  be  of  a  small  size  so  that  it  is  frequently 
emptied.  But  where  the  water  supply  is 
unlimited  it  is  much  better  to  use  clean  water 
for  the  purpose  described. 

There  are  a  great  many  methods  for  flushing 
drains.  Some  act  automatically  and  others 
have  to  be  done  by  hand.  In  the  latter  case  a 
tank  has  a  water  supply,  with  a  ball  valve,  laid 
onto  it,  and  a  large  plug  or  valve  fixed  in  the 
bottom,  over  a  pipe  connected  to  the  drains, 
so  that  on  removing  the  plug  or  opening  the 
valve,  the  tank  is  quickly  emptied  and  the 
drains  flushed.    Another  arrangement,  which  is 
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automatic  in  its  action,  is  similar  to  that  olten 
applied  in  country  places  where  the  water  is 
raised  by  means  of  a  hydraulic  ram,  the 
supply  to  which  is  so  limited  that  the  ram  has 


to  be  stopped  until  the  drive  tank  is  filled,  on 
which  the  ram  is  started  again.  This  is  shown 
by  Fig.  384.  On  the  lop  edge  of  the  tank  a 
lever  is  fixed.  One  end  of  the  lever  is  con- 
nected by  means  of  an  iron  chain,  or  rod,  to  the 
valve  A,  and  on  the  other  end  is  suspended  a 
square  iron  bucket,  as  shown  at  B,  which  has  a 
small  hole  in  the  bottom.  When  the  bucket  is 
empty  the  valve  A,  being  the  heaviest,  falls 
down  and  prevents  any  water  running  down  the 
pipe  C.  But  so  long  as  the  water  comes  into 
the  drive  tank  so  as  to  run  out  of  the  overflow 
D,  and  keep  the  bucket  filled  the  valve  is  kept 


open.  If  the  supply  fails  the  bucket  empties 
through  the  hole  in  the  bottom,  when  the 
weight  of  the  valve  causes  it  to  close  agam  and 
remain  so  until  the  tank  is  again  filled  to  over- 
flowing. This  method,  when  applied  to  flushing 
drains  does  not  answer  very  well  unless  the 
water  supply  comes  into  the  tank  much  quicker 
than  will  run  away  through  the  small  hole  m 
the  bucket.  It  is  also  necessary  to  make  a  pro- 
vision for  this  dribble  to  be  carried  away. 

A  modification  of  this  arrangement,  which  I 
think  is  patented,  is  to  fix  a  small  syphon,  as 


shown  by  dotted  lines  in  the  figure,  for  empty- 
ing the  bucket,  instead  of  having  the  hole  in  the 
bottom,  as  the  tank  is  discharged.  This  prevents 
any  waste  of  water  and  avoids  any  splashing 
made  by  the  dribble  from  the  bucket. 

Another  patent  automatic  acting  flushing  tank 
for  drains  is  shown  by  Fig.  385.    This  was 
invented  and  patented  by  one  of  our  leading 
engineers  some  years  ago  ;  but  for  some  long 
time  past  other  makers  have  made  copies,  or 
modifications,  of  the   same    description  of 
appliance.      Amongst  the    many  advantages 
of  this  kind  of  flasher  are  its  simplicity  and 
the  absence  of  any  mechanism  or  working  parts 
to  get  out  of  order,  or  wear  out.    To  describe 
the  working  :  E  is  the  outlet  for  connecting  to 
the  drain,  or  tor  joining  a  pipe  for  the  same  pur- 
pose; F  is  a  small  chamber  for  retaining  a 
small  quantity  of  water,  in  which  is  immersed 
the  end  of  the  inner,  or  discharging,  leg  of  the 
syphon;  H  is  the  cap  over  the  leg.    A  space  is 
left  between  the  cap  and  the  top  of  the  leg,  and 
a  space  of  about  2  in.  to  2i  in.  between  the 
bottom  of  the  tank  and  the  cap  of  the  syphon. 
An  annular  space,  equal  in  area  to  the  mside  of 
the  inner  pipe,  is  formed  at  J.    A  water  supply, 
with  a  dribble  cock,  K,  is  fixed  for  filhng  the 
tank  either  quickly  or  drip  by  drip.    As  the 
tank  fills  with  water  the  air  is  confined  in  the 
annular  space  by  the  water  in  the  tank  and  in 
the  small  chamber  F.  This  confined  air  prevents 
the  water  rising  in  the  annular  space  as  quickly 
as  it  comes  into  the  tank.    When  the  tank  gets 
nearly  lull  the  head  of  water  is  sufficient  to  so 
compress  the  air  in  the  syphon  as  to  force  a 
small  quantity  through  the  water  m  the  lower 
chamber.    The  relief  given  by  the  escape  of  air 
allows  the  water  to  ascend  inside  the  syphon 
and  flow  over  the  top  of  the  inner  leg.  This 
has  an  inverted  frustrum  of  a  cone,  as  shown  at 
L,  which  causes  the  water  to  fall  vertically, 
instead  of  running  down  the  sides  of  the  pipe, 
into  that  in  the  lower  chamber,  and  displace  it 
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sufficiently  for  more  air  to  escape.  This  allows 
the  water  to  flow  freely  down  the  leg  and  thus 
start  a  syphonic  action  which  does  not  stop 
until  the  tank  is  nearly  empty,  when  air  rushes 
in  and  destroys  the  action,  after  which  the  whole 
of  the  proceedings  are  repeated.  The  intervals 
between  the  discharges  are  regulated  by  the 
speed  at  which  the  water  is  allowed  to  run  into 
the  tank.  By  opening  or  closing  the  cock  K 
the  tank  can  be  made  to  fill  quickly  or  slowly, 
as  may  be  desired.  In  cases  where  it  is  found 
that  a  very  small  dribble  of  water  will  not  start 
the  syphon  it  is  found  to  be  an  advantage  to  hx 
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a  reversed  action  ball-valve,  as  shown  by  Fig. 
386.  This  is  similar  to  an  ordinary  Underhay's 
equilibrium  ball-valve,  excepting  that  as  the 
ball  rises  the  valve  is  opened  instead  of  being 
closed,  and  allows  the  water  to  pass  through  full 
bore.  When  the  water  comes  in  full  bore  it 
heads  up  so  quickly  that  a  small  dribble  down 
the  syphon  has  little  or  no  effect  upon  the 
ultimate  results.  So  that  the  tank  may  fill 
slowly  a  small  dribble,  or  "  pet  "  cock  is  fixed, 
as  shown  at  M,  and  the  |ball-valve  does  not 
come  into  play  until  the  water  has  risen  high 
enough  to  float  the  ball. 

Another  syphonic-actingdrain  flusher  isshown 
by  Fig.  387.  Any  plumber  can  make  this 
syphon  out  of  ordinary  lead  pipe,  but  if  not  care- 
fully made  there  is  sometimes  a  little  difficulty 
in  getting  it  to  work  properly.  Tanks  of  this 
kind  can  be  made  in  any  size,  from  one  large 
enough  to  flush  a  good-sized  drain  to  one  small 
enough  to  flush  a  urinal  basin.  It  is  necessary 
in  most  cases,  to  fix  a  reversed  action  ball-valve 
to  this  description  of  drain  flusher. 
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In  addition  to  the  tank  with  working  parts, 
shown  by  Fig.  384,  there  are  others  with  slid- 
ing valves  over  the  outlets,  worked  by  means  of 
a  crank,  with  levers  and  a  float.  Another  kind, 
which  is  patented,  has  a  system  of  compound 
levers,  with  a  float  attachment,  acting  on  a 
valve  over  the  dischargmg  pipe.  This  is  very 
good,  both  for  flushing  drains  and  also  for 
shutting  off  the  water  supply  to  a  hydraulic  ram 
when,  through  shortness  of  water,  the  driving 
tank  sometimes  runs  nearly  or  quite  empty,  and 
for  re-star'cing  the  ram  when  the  tank  has  filled 
again. 

It  is  unnecessary  to  further  describe  the 
working  of  flushing  tanks,  but  it  is  important 
that  we  should  have  a  few  words  on  their  size 
and  arrangement. 

Taking  their  size  first.  It  is  necessary  that 
the  tank  should  do  what  is  required  of  it,  and 
at  the  same  time  not  to  overdo  it.  The  size  of 
the  tank  itself  should  be  governed,  ist,  by  the 
quantity  of  water  that  is  available,  and  2nd, 


which  only  applies  to  some  places,  where  the 
disposal  of  the  sewage  has  to  be  considered.  In 
neither  of  these  cases  should  a  greater  amount 
of  water  be  used  than  is  really  necessary.  Then, 
with  regard  to  the  size  of  the  syphon  or  dis- 
charging apparatus,  this  should  never  equal  the 
size  of  the  drains.  A  4  in.  syphon  is  quite  large 
enough  for  a  6  in.  drain,  and  a  3  in.  syphon 
for  a  4  in.  drain.  If  the  syphons  are  too 
large,  they  will  flood  the  drains,  which  is  quite  a 
different  thing  to  "flushing"  them.  To  illus- 
trate this  :  the  writer,  a  few  years  ago,  was  sent 
to  inspect  and  test  the  drains  of  a  nearly  newly 
built  convalescent  home  for  invalids,  amongst 
whom  was  an  outbreak  of  erysipelas.  On  walk- 
ing round  the  buildings  he  found  pieces  of  excreta 
lying  on  the  gratings,  on  the  gravelled  sur- 
roundings, and  inside  nearly  all  of  the  gully 
traps.  On  pouring  water  down  the  gullies  it 
was  found  to  run  away  quite  freely,  thus  prov- 
ing that  the  drains  were  not  choked,  and  on 
opening  the  various  manholes  everything 
appeared  to  be  in  good  condition.  One  of  the 
flushing  tanks  just  at  that  time  discharged  itself 
and  the  water  came  pouring  out  of  all  the  gully 
trap  gratings,  bringing  with  it  those  matters  that 
have  been  described.  The  w.c.'s  had  very  poor 
flushing  arrangements,  so  that  what  came  from 
them  was  left  in  the  drains  to  be  afterwards 
washed  back  as  has  been  stated.  A  further  evil 
was  also  discovered.  All  the  rain  water  from 
the  roofs  was  discharged  into  gully  traps, 
which,  in  a  great  many  instances,  were  close  to 
those  used  for  receiving  waste  water  from  sinks 
and  baths,  so  that  some  portion  of  what  over- 
flowed from  the  latter  ran  into  those  for  rain 
water,  and  into  special  drains  leading  to  a  rain 
water  tank  in  the  laundry,  about  150  yards  from 
the  main  building.  The  result  being  that 
diluted  sewage  was  being  used  for  washing  the 
linen  used  in  the  hospital.  The  primary  cause 
of  this  trouble  was  in  having  the  flushing  tanks, 
which  held  200  gals,  each,  too  large,  and  the 
syphons,  which  were  5  in.  in  diameter,  with  the 
discharging  legs  6  it.  long,  vertically,  the  drains 
being  made  with  5  in.  cast  iron  pipes,  laid  with 
a  fall  of  about  i  in  150.  The  flushing  tanks 
were  arranged  to  discharge  once  in  24  hours. 
This  was  a  further  mistake,  as,  so  soon  as  the 
drains  had  been  flushed,  sewage  began  again  to 
accumulate  in  them,  so  they  could  only  be  said 
to  be  clean,  even  if  the  flushing  tanks  did  their 
work  properly,  for  about  a  quarter  of  an  hour 
in  the  24  hours.  I  know  a  great  many  engi- 
neers do  not  agree  with  me,  but  I  maintain  that 
20  gals,,  or  even  10  gals.,  sent  through  the  drains, 
when  of  ordinary  length,  as  in  terrace  built 
houses,  every  three  or  four  hours  will  keep  them 
cleaner  than  200  gals,  in  every  24  hours. 
Violent  flushing  will  also  flood  the  drain  man- 
holes, and  frequently  leave  a  quantity  of  solid 
matter  on  the  sides  of  the  channels  fixed  in  the 
floors. 

With  regard  to  the  arrangement  of  the  tanks 
it  is  always  advisable  to  fix  them  out  of  doors, 
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and  enclose  them  as  a  protection  against  the 
influence  of  frost.    They  should  also  be  fixed  at 
the  highest  ends  of  the  drains,  and  all  long 
branches  should  have  a  tank  to  each  of  them. 
They  should  also  be  connected  directly  with  the 
drains.    When  tanks  are  fixed  inside  a  house, 
they  should  be  made  to  dishar-e  into  an 
"interceptor"  trap,  so  that,  if  they  failed  to  act 
and  the   water  evaporated  out  of  the  weir 
chamber,  air  from  the  drains  could  not  pass 
through  the  tanks  and  escape  into  the  house. 
The  trap  shown  by  Fig.  214  in  an  earher 
lecture  is  of  the  right  kind  to  use,  as  the  force  of 
the  water  is  not  broken  so  much  as  it  would  be 
with  some  other  shaped  traps. 

In  some  cases  it  is  an  advantage  to  so 
arrange  the  flushing  tank  that  it  will  scour  out 
any  gully  traps  which  receive  nothing  but  dirty 
water.  Fig.  388  represents  such  a  case.  This 
is  a  plan  of  a  20  stall  stable  at  a  large  mansion 
which  the  writer  had  to  make  sanitary.  The 
drains  fell  towards  the  centre,  where  they  were 


each  gully  trap  was  flushed  with  1  gal.  of  water 
at  each  discharge  of  the  flushing  tank,  and  this 
was  set  so  as  to  empty  once  in  every  two  hours, 
so  that  there  could  not  be  any  accumulation  of 
horse's  staleings  to  smell  offensive,  and  which  is 
a  frequent  cause  for  complaint  in  stables. 
Gully  traps  in  houses,  especially  those  which 
receive  waste  water  from  scullery,  pantry,  and 
bedroom  slop  sinks,  are  kept  much  cleaner  if 
they  have  a  flushing  attachment  to  them,  and 
the  drains  are  also  less  offensive  if  the  contents 
of  the  traps  are  flushed  out  and  clean  water  left 
in  them  instead  of  sewage. 

Amongst  the  many  principles  for  keeping 
foul  air  from  accumulating  in  drains  that  have, 
at  various  times,  been  advanced,  was  one  for 
always  keeping  them  filled  with  water,  so  that 
there  was  no  room  for  any  air.  This  would  not 
work  at  all  well  in  practice,  as  the  drains  would 
have  sewage,  not  water,  in  them,  and  the  low 
rate  of  speed  at  which  it  would  travel  would 
allow  some  portion  of  the  solids  to  settle  to  the 


made  to  discharge  into  a  trap  in  a  manhole, 
which  had  a  fresh  air  inlet  valve,  outside  the 
stable  walls.     From  the  highest  end  of  each 
drain,  as  shown  at  O,  a  ventilation  pipe  was 
fixed  to  the  roof.     A  rod  hole  was  also  pro 
vided  near  the  ventilation  pipe,  as  shown  at  P, 
for  passing  rods  through  the  drains  whenever  it 
was  found  necessary  to  do  so.     In  recesses 
built  in  the  walls  at  N,  N,  were  fixed  10  gallon 
flushing  tanks,  with  syphon  actions,  and  the 
necessary  water  supply  with  reversed  action 
ball  valves.     The  syphons  were  similar  to  that 
shown  by  Fig.  387,  and  were  3  in.  in  diameter 
A  3  in.  pipe  was  fixed  from  the  tank  to  the  third 
gully  trap,  where  it  was  reduced  to  2iin., 
further  on  it  was  again  reduced  to  2  in.,  and 
afterwards  to  liin.     The  gully  traps  in  the 
stalls    were    specially    made,   were  3 
diameter,  and  had  inlet  arms     in.  in  diameter. 
To  each  of  these  arms  was  connected  a  i  in. 
pipe,  which  was  branched  into  that  from  the 
flushing  tank.    By  thus  arranging  the  pipes 


bottom,  and  eventually  the  drains  would  silt  up. 
If  the  drains  leaked  at  all  the  sewage  would 
saturate  the  ground  near  the  house.  Another 
theory  that  has  been  suggested  is  to  have  a 
constant  dribble  or  small  stream  of  water  always 
running  through  the  drains.  This  could  not  be 
depended  upon  to  remove  w.c.  matters,  as  the 
water  dribble  would  generally  run  past  them. 
If  these  matters  lay  in  the  bottom  of  the  drain 
and  formed  a  kind  of  weir,  the  water  would  per- 
haps accumulate  behind  them  until  there  was 
sufficient  to  force  the  matter  a  little  further  on 
when  the  water  would  break  away  and  run  to 
the  outlet,  leaving  the  other  matters  stranded 

in  the  drain.  ^    t.  j  v  :^ 

For  a  drain  to  be  thoroughly  flushed  it  is 
necessary  to  have  sufficient  depth  of  water  in  it 
to  float  excreta  and  such  like  matters  away. 
By  a  careful  arrangement  of  the  various  waste 
pipes  a  great  deal  can  be  gained,  but  to  m^^F  ^ 
thorough  success  it  is  important  that  flushing 
tanks  should  be  connected  to  all  sewage  drains. 
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WATER  SUPPLY 

WATER  is  a  compound  body  and  consists  of 
two  gases,  namely,  oxygen  and  hydrogen 
in  the  proportion  of  i  part  of  oxygen,  by  measure, 
and  2  parts  of  hydrogen.  The  symbol  used  by 
chemists  to  represent  water  being  H2  O  or 
O  H2.  Next  to  air,  water  is  the  first  in  im- 
portance for  supporting  life  and  is  of  more  con- 
sequence than  food.  An  animal  would  live 
longer  on  water  alone  than  on  dry  food.  Most  of 
the  food  that  we  eat  contains  a  large  percentage 
of  water.  Milk  and  liquid  foods  are  nearly 
all  water.  Green  vegetables  are  about  9-ioths 
water;  and  bread,  when  in  ordinary  condition, 
contains  about  2-5ths  by  weight,  of  water.  A 
pound  of  animal,  or  flesh  food,  is  3-4ths  water: 
and  a  pound  of  potatoes  contains  about  the 
same  quantity.  The  human  body  is  nearly 
three  parts  water.  Not  only  is  water  necessary 
for  supporting  lite,  but  also  for  maintaining  it 
in  a  healthy  condition.  The  human  body  can- 
not remain  healthy  if  it  is  kept  in  a  foul  con- 
dition. The  abode  or  habitation  must  also  be 
kept  clean,  and  this  cannot  be  done  without 
water. 

But  the  water  must  be  clean  and  free  from 
impurities.  Some  people  would  object  to  drink- 
ing water  that  was  not  quite  clean,  but  would 
not  hesitate  to  give  the  same  to  their  cows  or 
cattle  that  were  being  prepared  for  killing  for 
meat.  A  cow  that  drank  dirty  water  would  not 
be  kept  in  such  a  healthy  condition  as  to  give 
good  milk;  and  we  have  it  from  very  high 
authorities  that  unhealthy  cow's  milk  is  answer- 
able for  a  great  many  complaints  that  the 
human  race,  especially  children,  suffer  from. 
By  the  same  reasoning,  cattle  that  are  not 
healthy  cannot  be  accepted  as  proper  food  for 
man,  hence  the  necessity  for  pure  water  as  an 
article  ot  their  food.  It  is  an  open  question  if 
impure  water  is  suitable  even  for  clothes- wash- 
ing purposes.  By  boiling  water^  certain  matters 
are  destroyed  and  rendered  innoxious;  but  in 
the  case  of  clothes,  after  bemg  washed  and 
boiled  they  usually  undergo  the  rinsing  process, 
and  this  is  done  in  water  that  has  not  been 
boiled.  So,  for  this  purpose,  we  find  that  clean 
water  is  of  great  importance.  If  impure  water  is 
used  for  scrubbing  house  floors  it  may  have  mis- 
chievous effects  on  the  dwellers.  To  all  appear- 
ances the  floors,  or  whatever  is  washed,  may 
be  quite  clean,  but  the  small  quantity  taken  up 
by  capillarity,  in  the  material  the  floors  are 
made  of,  will  afterwards  evaporate,  and  the 
residue  in  the  form  of  dust  be  wafted  about  by 
air  currents  and  eventually  get  into  the  human 
system,  either  by  inhalation  or  lodging  in  or  on 
articles  of  food.  Even  a  pool  of  dirty  water 
near  a  house  will  often  lead  to  illnesses  amongst 
the  inmates.  "  Have  they  been  playing  with  or 
near  any  dirty  water?"  was  the  first  question 
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my  doctor  asked  when  he  came  to  visit  three 
of  my  children  who  had  caught  scarlet  fever. 
Inquiries  were  made,  when  it  was  discovered 
that  they  had  been  swimming  little  toy  boats  on 
a  stagnant  little  pool  of  water  on  a  London 
common. 

We  need  not  dwell  on  the  other  uses  of  water, 
such  as  for  cooking  food,  washing  vegetables 
and  salads,  flushing  drains  and  watering  roads. 
Chemically  pure  water  is  unknown,  except  in 
the  laboratory.  All  we  can  do  is  to  get  the 
best  we  can,  which,  in  a  great  many  cases, 
although  not  quite  pure,  is  free  from  anything 
which  is  actually  injurious  to  healh.  Next  to 
quality,  quantity  claims  our  attention. 

It  is  impossible  to  give  an  exact  statement  as 
to  the  actual  amount  of  water  necessary  for  use 
under  all  conditions,  but  we  can  make  an 
approximate  calculation.  It  is  not  difficult  for 
any  individual  person  to  take  note  as  to  the 
amount  of  water  he  uses  in  a  day,  and  assume 
that  his  own  experience  is  a  fair  average  for 
other  peoples.  As  an  example,  most  people  are 
tea  or  coftee  drinkers,  and  would  drink  about 
two  pints  of  water  each  day  in  the  form  of 
those  beverages,  and  a  similar  quantity,  making 
half  a  gallon  in  all,  in  other  forms,  or  mixed 
with  his  food,  or  forming  a  constituent  part  of 
food.  In  hot  weather  a  man  would  use  more, 
and  in  cold  weather  less,  than  this  quantity. 
A  great  deal  of  difference  would  also  be  made 
between  a  man  who  worked  very  hard,  and  one 
who  had  a  sedentary  occupation,  as  to  the 
quantity  of  water  used.  But  half  a  gallon  may 
be  accepted  as  an  average  quantity  swallowed 
each  day  by  each  person,  age  or  sex  not  neces- 
sarily being  taken  not  of.  We  may  next  assume 
that  a  gallon  is  used  for  preparing  and  cooking 
food.  In  very  large  establishments  it  may  be 
necessary  to  double  or  treble  this  quantity 
but  for  small  households  a  gallon  per  head 
per  day  [is  about  the  average  amount  used 
for  this  purpose. 

For  house  cleaning  we  may  take,  as  an 
example ,  a  ten-roomed  house  inhabited  by 
eight  people.  All  the  rooms,  passages  and 
staircases  being  washed  once  a  week,  and  the 
kitchen  and  scullery  daily.  Based  on  the 
number  of  pailsful,  as  an  average,  we  should 
find  that  the  quantity  used  is  2^  gals,  per  head 
per  day.  This  may  be  taken  as  being  excessive 
in  those  houses  that  are  entirely  covered  with 
carpets  which  are  only  taken  up  once  a  year. 
.Such  houses  cannot  be  healthy  for  living  in. 

Where  the  washing  is  done  at  home,  the 
quantity  required  is  about  150  gals,  for  eight 
people's  washing,  and  this  works  out  at  about 
3  gats.,  as  an  average  per  day  for  each  person. 

A  person  who  washes  himself  in  the  ordinary 
way  twice  a  day  and  his  hands  at  midday,  in 
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addition,  will  use  about  2  gals.  Where  a  sponge 
bath  is  used  every  morning,  and  it  ought  to  be 
by  every  person,  a  further  quantity  of  3  gals,  is 
necessary,  thus  making  a  total  of  5  gals,  for  each 
person's  daily  use  for  body  cleansing. 

Some  people,  but  very  few,  will  have  a  plunge 
bath,  using  about  35  gals.,  daily.  Others  will 
have  this  bath  only  once  a  week,  using  that 
quantity  of  water,  or  an  average  ot  5  gals., 
daily. 

In  towns,  and  other  places  where  water- 
closets  are  fi,xed,  we  may  assume  that  each 
person  uses  these  places  twice  daily,  with  an 
expenditure  of  3  gals,  each  time,  making  a  total 
of  6  gals,  of  water  daily,  for  this  purpose. 

We  may  go  on  further  and  allow  for  waste, 
which  in  some  cases  is  equal  to  or  exceeding 
that  actually  used, for  watering  roads,  and  several 
other  purposes;  but  we  will  confine  ourselves 
to  the  actual  household  requirements.  To  sum 
up  the  actual  quantity  necessary  for  each  person 
we  proceed  as  follows  : — 

Water  for  Drinking   *  gal. 

Cooking  and  preparing  food . . .  i  „ 

House  cleaning   2J  „ 

Domestic  wash  mg    ...       ...  3  )i 

Personal     do.     including  a 

sponge  bath   7  „ 

„     „  Water-closets  6  „ 

Total  about      20  gal. 

We  find  from  this  method  of  calculating  that 
at  least  20  gals,  per  head  for  each  day  must  be 
supplied,  so  that  the  house  and  household  m;iy 
be  kept  fairly  clean  and  have  sufficient  for  all 
ordinary  purposes.  Some  authorities  will  ask 
for  more  than  this  quantity,  but  there  are  a 
great  many  places  where  a  lesser  quantity  is 
available.  Where  water  is  scarce,  and  an 
economy  has  to  be  practised,  we  should  com- 
mence with  the  W.C.'f  and  fix  earth  closets  in- 
stead. This  would  save  6  gals,  per  head  daily. 
As  stated  in  an  earlier  lecture,  a  scarcity  or 
limited  supply  of  water  to  w.c's  means  foul 
drains  and  the  consequent  evils. 

We  will  deal  with  the  sizes  of  cisterns  for 
holding  water  later  on,  and  now  proceed  to 
consider  a  few  details  in  connection  with  the 
sources  from  which  water  is  had.  Beginning 
with  rain  water,  which  we  may  say  is  the 
fountain  head  of  all  water  supplies.  In  some 
cases  we  make  arrangements  for  collecting  and 
storing  what  fails  on  our  roofs.  In  others,  pro- 
visions are  made  for  filling  reservoirs,  which 
sometimes  are  large  enough  to  be  called  lakes. 
Some  of  the  rainfall  runs  into  surface  channels 
leading  into  brooks,  streams,  and  rivers.  A 
great  deal  soaks  into  the  ground  to  some  depth 
and  fills  our  wells,  or,  flowing  as  underground 
streams,  eventually  comes  so  near  to  the  earth's 
surface  as  to  burst  out,  and  these  we  call  springs. 
Vegetation  takes  up  a  great  quantity  of  water 
which  falls  as  rain,  and  a  great  deal  by  evapora- 
tion returns,  in  the  form  of  vapour,  to  the  skies 
to  again  come  to  us  in  the  form  of  dew  or  rain. 


If  it  was  possible  to  collect  rain  water  before 
it  became  contaminated,  it  would  be  better  than 
any  other  kind  for  household  use.  But  this  is 
almost  impossible,  as,  especially  in  the  neigh- 
bourhood of  towns,  the  air  is  generally  loaded 
with  impurities  which  combine  or  mix  with  the 
water,  and  thus  detract  from  its  purity.  And 
then,  again,  the  collecting  areas  are  generally 
in  such  a  dirty  condition  that  the  water  is  fre- 
quently rendered  so  foul  as  to  be  almost  unfit 
for  domestic  use.  When  lecturing  on  rain 
drainage  this  was  referred  to,  and  means 
described  for  partially  cleansing  and  filtering 
the  rain  that  fell  on  roofs. 

The  rain  which  falls  in  the  open  country, 
especially  in  hilly  places,  is  much  more  pure 
than  what  falls  near  habitations.  It  is  also 
better  than  that  which  falls  on  cultivated  land, 
or  in  fields  occupied  by  cattle.  Swift  running 
streams,  provided  they  are  free  from  injurious 
matters,  are  better  than  slow  running  or  sluggish 
streams  for  keepmg  water  pure,  and  cascades 
or  water  falls  are  a  decided  advantage  for 
serating  the  water.  Oxygen  in  the  air  will  com- 
bine with,  and  burn  up,  certain  impurities  in  the 
water,  and  by  allowing  it  to  fall  through  air 
the  process  is  more  effectually  carried  out, 
hence  the  advantage  of  waterfalls.  The  water 
in  lakes  and  reservoirs  which  are  supplied  from 
streams  of  this  kind  is  generally  found  to  be 
very  good. 

In  some  parts  of  the  country  we  find  streams 
supplying  ponds  and  lakes  with  water  drained 
from  cultivated  land,  and,  although  we  have  a 
Rivers-  Pollution  Act,  the  same  streams  are 
often  used  as  open  sewers;  receiving  filth  from 
houses,  farms,  cowsheds  and  piggeries.  The 
lake  water  being  afterwards  pumped  into  the 
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house  for  domestic  use.  It  is  scarcely  neces- 
sary to  say  such  water  is  totally  unfit  for  drink- 
ing, and  it  really  is  a  wonder  that  there  are  not 
more  illnesses  in  some  country  places  than  there 
are,  where  the  water  supplied  is  of  this  descrip- 
tion. The  rainwater  which  filters  through  the 
earth  and  supplies  our  wells,  would  be  pure  if 
the  filtering  material  were  good.  But  it  is  a 
well  known  fact  that  when  the  wells  are 
shallow  the  water  is  rarely  found  to  be  good. 
The  surface  of  the  earth  is  generally  mixed 
with  decaying  vegetable  or  animal  matters, 
which  are  dissolved  in  the  water  as  it  passes 
through,  and  thus  get  into  the  wells.  Where 
these  wells  are  near  habitations  they  frequently 
become  fouled  by  leakages  from  sewage  drains, 
privies  and  middens.  Fig.  389.  'S  »  P'''*? 
house  the  writer  and  his  family  had  to  live  m 
for  a  twelvemonth,  as  he  could  not  get  another, 
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at  a  small-sized  town  in  Sussex.    There  are 
thousands   of  houses   which  have  no  better 
water  supply.    The  well  A,  was  beneath  the 
scullery  floor,  and  at  B,  was  a  common  privy. 
The  vault  had  cemented  walls  but  they  were 
cracked,  and  the  well-water  was  fouled  by  what 
escaped.    None  of  us  had  any  illness  because 
we  went  about  a  quarter  of  a  mile  to  fetch 
water  that  was  known  to  be  pure;  but  the 
obstinate  people  who  lived  next  door,  and  who 
kept  a  young  ladies'  school,  would  persist  in 
using  the  water  from  their  pump,  which  drew 
from  the  same  well  as  our  own,  with  the  result 
that  the  school  had  to  be  closed  because  of  the 
amount  of  sickness   in   it.    In  the  ordinary 
course  of  his  business  the  writer  is  frequently 
coming  across  similar  cases  of  well  pollution 
and  the  same  class  of  obstinate,  stupid  people, 
who  will  persist  in  doubting  any  statements 
that  tend  to  show  their  water  is  unfit  for  drink- 
ing, even  when  shown  the  results  of  a  chemical 
analysis.    An  analysis  of  a  sample  taken  from 
a  newly  dug,  shallow,  well  in  the  middle  of  a 
field  a  few  miles  from  Carlisle,  proved  the 
water  to  be  unfit  for  drinking.    The  nearest 
house  was  i-8th  of  a  mile  away,  but  the  next 
field  was  cultivated  as  vegetable  gardens,  and 
being  at  a  higher  level  the  rain  that  fell  onto  it 
drained  into  the  well.     In  practice  it  is  always 
safest  to  suspect  the  water  drawn  from  shallow 
wells  and  advisable  to  submit  a  sample,  when 
the  water  is  to  be  used  for  dietary  purposes 
especially,  to  a  chemist  for  an  analysis  to  be 
made. 

Generally  speaking,  water  drawn  from  deep 


wells  is  found  to  be  the  best,  so  far  as  freedom 
from  contamination  with  sewage  goes,  but  such 
water   is   frequently  found  to  be  very  hard 
especially  when  drawn  from  wells  sunk  in  or 
through  the  chalk. 

The  purity  of  water  is  one  of  primary  import- 
ance, but  chemistry  only  can  tell  us  when  water 
is  fit  for  drinking.  There  are  certain  signs,  but 
they  are  very  untrustworthy,  by  which  we  can 
form  an  opinion  of  the  suitability  of  water.  In 
the  first  place  it  should  be  clear  and  colourless, 
although  turbidity  of  the  water  does  not 
necessarily  prove  that  it  would  injure  any  one's 
health.  It  should  be  entirely  free  from  taste  or 
smell.  The  water  should  be  aerated,  but  by 
natural  means.  If  water  is  not  in  this  condi- 
tion it  tastes  sickly.  Some  waters  sparkle  very 
much  as  if  they  were  highly  asrated,  but  they 
are  unsuitable  for  drinking,  as  the  bright 
sparkling  appearance  of  well  water  is  sometimes 
caused  by  the  presence  of  carbonic  acid  gas. 
If  this  gas  is  from  decomposing  animal  or 
vegetable  matter,  which  most  probably  it  is, 
the  water  is  tota'ly  unfit  for  use. 

It  water  is  contaminated  with  sewage,  two  or 
three  drops  of  Condy's  Fluid  in  a  glassful  of  it 
will  sometimes  prove  the  fact  by  the  pink  colour 
disappearing  and  leaving  a  brown  tint  behind. 
My  suggestion  to  you  is  this,  never  attempt  to 
advise  anyone  as  to  the  purity  of  water,  as  you 
may  make  a  serious  mistake.  This  matter 
should  always  be  placed  in  the  hands  of  a 
specialist;  that  is,  a  chemist  who  has  a  reputa- 
tion for  skill  in  this  subject. 


CISTERNS,  THEIR  SIZE, 

Size  of  Cisterns. 

THE  question  of  having  cisterns  has  two  sides 
to  it.  If  water  is  drawn  from  a  waterworks 
main,  or  from  a  reservoir,  a  house  cistern  in 
some  cases  is  unnecessary,  and  the  water  can 
be  had  fresh  from  the  main  instead  of  from  a 
cistern,  which  may,  perhaps,  be  dirty,  or  of  such 
a  large  size  that  the  contents  do  not  get  changed 
so  frequently  as  they  should  be.  On  the  other 
hand,  the  use  of  cisterns  has  many  advantages. 
The  vvater  supplied  is  not  always  so  clean  but 
that  it  will  deposit  a  sediment  in  the  bottom  of 
a  cistern.  It  is  difficult  to  get  water  at  all  times 
which  is  free  from  turbidity,  and  this  water,  if 
stored  in  a  cistern  and  allowed  to  remain  per- 
fectly still,  will  frequently  clarify  itself,  all,  or 
most,  of  the  suspended  matters  settling  to  the 
bottom.  Even  when  the  water  is  thoioughly 
filtered  before  delivery  a  red  deposit,  which 
sometimes  turns  black,  is  frequently  found  in 
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the  cisterns  owing  to  the  rusty  condition  of  the 
iron  mains  through  which  it  has  passed.  Where 
no  cisterns  are  used,  but  all  water  is  drawn  from 
the  mains,  the  excessive  pressure  will  cause 
the  various  fittings  to  leak  sooner  than  if  they 
had  been  supplied  from  cisterns  in  the  house  and 
thus  worked  under  a  reduced  pressure. 

Water  closets  should  always  be  supplied  from 
a  cistern  and  not  directly  from  the  common 
main  service.  Where  there  is  a  hot  water  boiler 
a  cistern  should  be  provided  for  supplying  it  as 
there  is  always  a  liability  of  a  break  down  of 
the  pipes  or  fittings,  and  some  little  risk  of  the 
boiler  bursting  when  the  water  is  again  turned 
on.  In  the  case  of  an  intermittent  supply, 
cisterns  are  imperatively  necessary. 

Generally  speaking,  cisterns  are  an  advantage 
provided  that  they  get  proper  attention.  This 
we  will  refer  to  later  on.  Where  the  supply  is 
•  constant  it  is  sometimes  an  advantage  to  have 
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special  valves  fitted  to  the  pantry,  scullery  and 
housemaid's  sinks,  for  drawing  water  directly 
from  the  mains,  as  mentioned  above. 

The  sizes  for  cisterns  vary  very  much.    It  the 
supply  is  constant  the  cisterns  need  not  hold 
more  water  than  is  sufficient  to  last  a  few  hours, 
during  which  time  any  ordinary  repairs  can  be 
made  to  the  main  pipes  or  fittings,  but  if  the 
supply  is  intermittent,  that  is,  turned  on  for  an 
hour  or  two  daily,  the  sizes  of  the  cisterns  should 
be  so  increased  that  they  will  hold  enough 
water  for  24  hours  consumption.    The  number 
of  people  living  in  a  house  has  to  be  considered, 
although  the  size  of  the  house  also  aff^ects  the 
quantity  of  water  necessary  to  be  stored  for  use. 
If  10  people  lived  in  a  house  and  we  were  to 
assume  that  20  gallons  per  head  per  day  to  be 
a  fair  average  for  their  requirements,  we  should 
at  once  arrive  at  the  conclusion  that  the  cistern 
should  hold  200  gallons.     But  if  the  reader 
refers  back  to  the  method  this  quantity  was 
arrived  at,  he  will  find  that  "domestic  wash- 
incT "  is  one  of  the  items.    People  do  not  do 
iheir  washing  daily.     Some  do  it  monthly, 
others  bi-weekly,  but  with  a  great  many  it  is  a 
weekly  operation.     Taking  the  latter  as  an 
example,  we  deduce  that  instead  of  200  gallons 
the  cistern  should  hold  363^  gallons,  the  astern 
being  made  to  hold  sufficient  for  the  largest 
quantity  that  may  be  required  in  any  one  day. 
If  a  cistern  of  this  size  were  used,  the  water 
would  have  become  stagnant  during  the  time  be- 
tween washing  days,  and,  although  not  perhaps 
nuite  unfit  for  drinking  or  similar  purposes,  would 
have  lost  its  freshness.    This  points  to  the 
necessity  of  having  two  cisterns,  a  large  one  to 
hold  water  for  all  ordinary,  and  a  small  one  for 
dietary  and  cooking,  purposes.    With  a  larger 
description  of  house  a  greater  amount  of  clean- 
ing has  to  be  done  than  in  a  small  house  and  a 
greater  storage  of  water  is  necessary. 

In  country  mansions  where  the  water  is 
pumped  directly  into  the  cisterns,  they  should 
be  arranged  to  hold  about  two  days  supply,  so 
that  if  the  pumps  or  engine  became  out  of  order 
there  would  be  no  shortness  during  the  time 
that  the  necessary  repairs  were  being  made. 

In  very  large  mansions,  in  either  town  or 
country,  the  water  storage  should  always  be 
ample.     In  a  great  many  cases  the  20  gal. 
basis  is  not  at  all  applicable  to  house  cisterns 
on  account  of  the  difference  in  the  habits  of  the 
people.    As  examples,  we  will  take  two  noble- 
men's mansions  of  about  equal  size,  with  an 
equal  number  of  servants,  for  comparison.  One 
his  fourteen  fixed  baths,  and  the  other  has  only 
one  fix«d,  besides  portable  or  sponge  baths 
This  shows  a  wide  difference  in  the  quantity  ot 
water  necessary  for  baths  only.     Some  families 
put  out  their  washing,  and  thus  use  less  water 
than  others  who  do  not.     Even  the  class  of 
servants  makes  a  difference  in  the  quantity  of 
water  used.    One  will  use  three  paiis  of  water 
where  another  would  use  only  one  to  scrub  the 
floor  of  a  room;  and  so  on  throughout  the 
household.    I  do  not  mind,  from  a  sanitary 


point  of  view,  if  all  the  taps  in  a  house  are  in  a 
leaky  condition,  especially  where  it  is  occupied 
during  only  portions  of  a  year,  because  of  this 
keeping  the  traps  all  charged.    But  this  amount 
of  waste  will  sometimes  equal,  or  perhaps  ex- 
ceed, the  total  quantity  used,  and,  where  other- 
wise the  storage  has  been  ample  for  all  require- 
ments, shortness  of  supply  has  arisen  through 
sheer  waste.    Where  the  water  has  to  be  raised 
by  machinery  this  waste  sometimes  means  an 
expensive  item  in  the  course  of  a  year.    All  this 
tends  to  show  that  in  some  instances  it  is  as 
much  a  question  ot  judgment  as  calculation  as 
to   what  size  the  cisterns  should  be,  but  in 
others  an  approximate  estimate  can  be  made. 

Hitherto  we  have  assumed  that  the  supply  of 
water  to  the  house  has  been  unlimited  from  a 
source  which  was  constant.    In  towns,  this  sup- 
ply is  generally  provided  by  private  companies 
or  public  corporations,  with  which  we  have 
nothing  to  do.    But  in  country  places  we  have 
sometimes  to  provide)  the  supply,  and  to  adopt 
means  for  sending  it  to  the  house.    There  are 
a  number  of  ways  of  doing  this.    I  do  not  in- 
tend dwelling  upon  this  now,  but  to  make  a  few 
remarks,  in  continuation  of  our  present  subject, 
on  sizes  of  reservoirs.    Assuming  the  source  to 
be  a  spring  with  a  plentiful  supply,  and  the 
elevation  is  sufficiently  high,  all  we  have  to  do 
is  to  confine  what  issues  in  a  basin  and  fix  a 
pipe  from  it  to  the  house  cisterns.     If  the 
spring  is  a  very  small  one,  or  is  intermittent,  a 
larger  reservoir  must  be  constructed  to  hold  all 
the  water  that  passes  out  of  it.    If  the  mansion 
is  occupied,  say  half  the  year,  it  is  sometimes 
found  that  during  the  other  half,  when  little  or 
no  water  is  being  used,  the  storage  accumulates 
sufficiently  for  all  purposes  when  a  larger  drain 
is  made  upon  it.     In  some  instances,  several 
small  springs  can  be  tapped,  and  the  necessary 
pipes  laid  in  to  convey  the  water  to  one 
reservoir. 

Where  the  springs  or  water  supplies  are  at  a 
lower  level  than  the  house,  machinery  has  to  be 
used  for  forcing  the  water  up  to  a  reservoir. 
If  the  supply  is  plentiful,  and  the  fall  sufficient, 
a  hydraulic  ram  is  the  simplest  and  most 
economical  form  of  power  to  use,  and  the  reser- 
voir need  not  necessarily  be  of  a  very  large 
size,  although  where  fire  mains  are  laid  from  it 
the  storage  should  be  increased  so  as  to  allow 
for  any  excessive  quantity  of  water  that  may  be 
wanted  in  an  emergency. 

Where  the  spring  or  supply  is  not  very  large, 
but  will  work  a  small  size  ram,  it  is  then  advis- 
able to  have  a  large  size  reservoir,  so  as  to  store 
all  water  that  may  be  sent  up  during  times  when 
the  house  is  only  partially  occupied,  and  thus 
have  a  good  reserve  by  the  time  the  house  is 
again  in  full  swing.  As  an  example,  assuming 
that  a  ram  is  forcing  up  1,200  gals,  of  water 
during  24  hours,  but  2,000  gals,  are  requited 
daily  when  the  house  is  occupied,  and  200  when 
two  or  three  servants  only  are  living  in  it,  each 
period  of  time  being  for  half  a  year.  By  calcu- 
lation we  shall  find  that  the  reservoir  should 
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hold  not  less  than  182,500  gals.  If  the  house 
was  in  occupation  all  the  year  round,  the  reser- 
voir then  need  be  but  very  small,  and  would 
only  require  to  hold  the  ram's  delivery  during 
the  night  time  or  when  no  water  was  being 
used.  In  a  case  of  this  latter  kind  the  supply 
would  be  only  equal  to  half  the  requirements  of 
the  house,  and  would  have  to  be  increased  in 
some  way.  The  readiest  way,  if  a  greater 
quantity  of  water  could  not  be  had,  would  be  to 
run  the  "tail  water"  from  the  ram  into  a  lower 
reservoir,  and  by  means  of  a  steam-power,  horse- 
power, windpower,  or  other  kind  of  pump,  raise 
it  to  the  upper  reservoir.  Or  the  ram  could  be 
done  away  with,  and  the  whole  of  the  water 
raised  by  mechanical  means.  If  steam  power 
is  used,  and  any  large  quantity  of  water  not 
required,  say  only  2,000  gals,  a  day,  the  reser- 
voir should  hold  about  a  week's  consumption, 
and  thus  avoid  having  to  pump  daily.  Wind- 
mills can  only  be  used  at  certain  times.  Where 
fire  mains  are  connected  the  reservoir  should  be 
of  an  ample  size — although  only  the  above 
quantity  is  used  in  the  time  named — so  as  to 
have  a  reserve  in  case  of  fire. 

In  computing  the  quantity  of  waternecessary, 
and  the  size  of  the  reservoir  for  storing  it,  for  a 
house,  the  20  gals,  daily  per  head  basis  should 
be  looked  upon  as  being  the  minimum  quantity 
which  rhould  be  allowed  for,  and  this  should 
be  doubled  whenever  circumstances  would 
allow  it  to  be  done. 

In  some  parts  of  the  country  there  are  no 
springs  or  other  available  sources  for  getting 
water  from,  and  in  others  the  water  is  of  a  kind 
that  cannot  well  be  used  owing  to  its  contami- 
nation with  deleterious  matter.  Near  Windsor 
the  writer  had  a  job  to  find  a  better  water 
supply  owing  to  the  well  water  being  charged 
with  magnesium  salts  to  an  unpleasant  degree. 
In  these  and  similar  cases  the  use  of  rain  water 
was  the  only  means  of  getting  over  the  difificulty. 
The  first  thing  to  consider  about  a  rain 
water  supply  is  getting  the  water  clean. 
Remarks  on  this  were  made  some  time  ago 
when  writing  on  rain  water  drainage,  filtering, 
and  storage.  The  next  is  the  size  of  collecting 
area,  and  then  the  storage  of  the  water  after 
collection. 

Before  settling  these  we  ought  to  first  con- 
sider the  amount  of  rain  fall  available.  Our 
greatest  authority  on  this  is  Mr.  Symons,  who 
tells  us  that  our  average  yearly  rainfall  is  32  in., 
but  the  amount  varies  in  different  localities,  and 
in  different  years  and  seasons.  We  may  then 
assume  that  24  in.  is  a  minimum  depth  that 
rain  falls  in  a  year.  All  of  this  cannot  be  col- 
lected, as  a  certain  portion  is  lost  by  evapora- 
tion and  waste,  thus  reducing  the  total  quantity 
to  20  in.  This  amount  of  rainfall  is  equal  to  a 
little  over  10  gals,  per  superficial  foot  of  area  on 
which  il  falls.  If  the  roofs  of  a  house  are  equal 
to  a  horizontal  surface  measuring  50  ft.  by 
50  ft.  we  have  an  area  of  2,500  ft.  which  multi- 
plied by  ten  will  give  a  total  of  25,000  gals,  of 
rain  water  collected.    In  a  house  continuously 


occupied  by  10  people,  2,500  gals,  per  head 
would  be  available  for  the  year's  consumption 
of  nearly  7  gals,  a  day.  This  quantity  should 
be  economised  by  using  the  best  local  supply 
for  ordinary  purposes,  the  rain  water  being  re- 
served for  special  use.  In  a  case  that  came 
under  the  writer's  notice,  a  large  wooden  out- 
building about  60  ft.  by  40  ft.  was  constructed 
and  covered  with  corrugated  galvanised  sheet 
iron,  the  primary  object  being  to  increase  the 
water  catching  area.  This  was  equal,  on  the 
basis  assumed  above,  to  24,000  gals,  per  annum, 
and  would,  when  added  to  that  caught  on  the 
house,  be,  as  above  quoted,  equal  to  about 
I3igals.  per  head  for  the  same  number  of 
persons.  To  catch  enough  rain  water  so  as  to 
allow  an  average  of  26  gals,  daily  for  each 
person  the  whole  of  the  above  areas  would  have 
to  be  doubled,  although  in  a  very  wet  year  they 
would  sometimes  be  found  sufficient. 

The  reservoirs  should  be  constructed  so  as  to 
retain  the  larger  quantity.  The  capacity  can  be 
found  by  dividing  the  total  number  of  gallons 
by  6"23  and  the  result  will  be  in  cubic  feet. 

The  usual  practice  of  allowing  all  the  rain 
water  to  be  stored  in  one  tank  is  far  from  being 
good.  It  is  a  much  better  plan  to  construct 
several  tanks  with  the  necessary  arrangements 
for  each  one  to  be  filled  and  used  from  sepa- 
rately, so  that  when  one  has  been  emptied  it  can 
be  cleaned  out  ready  for  use  again  at  the  next 
rainfall.  This  also  saves  the  water  from  being 
wasted.  When  the  water  becomes  so  very  dirty 
that  it  cannot  be  used,  and  when  of  necessity 
the  tanks  must  be  cleaned  cut,  the  whole  need 
not  be  done  at  the  same  time.  The  writer 
frequently  finds  underground  tanks  in  gentle- 
men's country  mansions  that,  probably,  have 
never  been  cleaned  out  since  they  were  first 
built,  some  of  them,  perhaps,  40  or  60  years 
ago,  and,  it  need  scarcely  be  added,  the  water 
totally  unfit  for  use.  Under  the  best  conditions 
it  is  difficult  to  store  rain  water  and  keep  it  fit 
for  use,  but  if  no  pains  are  taken  with  it,  it  will 
become  very  little  better  than  sewage,  and 
highly  dangerous  to  use  for  domestic  purposes. 

Positions  for  Cisterns 

next  claims  our  attention.  There  is  no  more 
frequent  cause  of  water  pollution  than  placing 
cisterns  in  unsuitable  positions.  The  Metro- 
polis Water  Act,  1871,  contains  a  very  wise 
provision,  and  prohibits  any  cistern  being  buried 
or  excavated  in  the  ground.  It  seems  a  pity 
the  same  regulation  does  not  apply  to  cisterns 
fixed  in  cellars.  Thousands  of  cisterns  are 
fixed  in  vaults  under  roadways,  or  under  area 
steps,  with  no  provision  for  keeping  out  coal 
dust,  street  driftings,  slugs  and  a  host  of  other 
matters  which  get  into  them.  Some  of  them 
have  a  dustbin  at  the  side,  into  which  all  the 
house  refuse  and  sometimes  the  garbage,  &c., 
from  the  kitchen  is  deposited.  In  some  cases 
the  butler's  pantry  and  housekeeper's  room  sink 
taps  are  supplied  from  these  cisterns,  and  very 
frequently  the  dinner  bottles  are  filled  from  the 
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same  cisterns  which  are  also,  sometimes,  con- 
nected to  servants'  W.C.'s. 

A  case  came  under  the  writer's  notice  where 
the  water  used  for  cooking,  preparmg  salads, 
&c.,  was  fixed  in  a  dirty,  tumble  down  stable. 
Cisterns  are  frequently  found  beneath  a  base- 
ment staircase,  without  sufficient  room  for  a  man 
to  get  inside  and  cleanse  them,  with  results 
that  can  readily  be  imagined.    Feed  cisterns  to 
low  pressure  kitchen  boilers  are  often  found  to 
have  a  quantity  of  black  beetles  in  them.  These 
pests  on  being  drawn  with  the  water  out  of  the 
boiler  tap,  being  found  to  have  been  bleached 
quite  white  by  the  process  of  boiling.  Cisterns 
are  also  very  common  in  water  closets  which 
does  not  matter  so  long  as  the  W.C.'s  only  are 
supplied  from  them.  But  in  most  cases  the  same 
cistern  supplies  a  lavatory  on  the  ground  floor 
and  a  tap  for  filling  toilet  bottles  on  the  upper 
floors.    In  both  cases  the  water  being  used  at 
times  for  drinking.    When  W.C.'s  are  fixed  on 
floors  over  each  other,  and  each  W.C.  has  a 
cistern   above  it,  which  also   supplies  other 
fittings,  an  overflow  of  any  kind,  such  as  from 
bedroom  slops  when  thrown  down  the  W.C,  or 
if  any  leakage  occurs  from  any  defects  in  the 
trap  or  soil  pipe,  it  will  fall  into  the  cistern  be- 
low and  thus  pollute  the  water.     In  one  case, 
the  writer  found  the  screw  cap  of  a  trap  under 
the  floor,  beneath  a  washbasin,  had  been  re- 
moved, as  the  waste  pipe  was  choked,  so  that 
when  the  basin  was  emptied  the  dirty  water 
ran  into  the  cistern  below,  until  the  water  be- 
came so  off"ensive  that  a  search  had  to  be  made 
as  to  the  cause. 

Great  numbers  of  cisterns  are  found  beneath 
bedroom  floors,  where  the  accidental  upsetting 
of  a  pot-de-chambre  would  give  results  un- 
pleasant to  think  of.  In  a  recent  examination 
of  a  house,  it  could  be  seen  that  when  a  bed- 
room floor  was  washed  the  dirty  water  ran 
through  the  joints  of  the  flooring  into  a  cistern 
beneath. 

Inside  a  roof  is  a  favourite  place  for  fixing 
cisterns.  These  are  generally  in  some  far 
away  corner  where  there  is  not  a  single  ray  of 
light,  and  one  has  to  crawl  over  the  ceiling 
joists,  through  cobwebs  and  soot,  to  find  their 
whereabouts,  with  a  candle  in  one  hand  and  at 
the  risk  of  falling  through  the  ceilings  below. 
Where  cisterns  are  fixed  in  bedrooms  they 
are  found  to  be  very  convenient,  and  it  saves 
the  servants'  time  going  downstairs  to  draw  it 
in  the  proper  manner,  for  dipping  the  water  out 
with  any  jug  or  can  that  is  at  hand.  In  one 
case  it  was  found  to  be  advisable  to  put  pad- 
locks on  the  lid  of  such  cisterns,  as  it  was  sus- 
pected that  a  man-servant  used  them  for 
bathing  in.  .  . 

When  no  other  place  is  convenient  cisterns 
are  often  fixed  on  house  roofs.  If  these 
cisterns  have  no  covers  fresh  water  algJK 
will  grow  to  a  considerable  extent,  and 
as  this  weed  dies  it  contaminates  the 
water.     Soot,  dust,  and  impurities  from  the 


atmosphere  also  get  into  the  water  and  detract 
from  its  purity.  No  doubt  a  great  number  of 
readers  could  add  to  this  list  of  unsuitable 
places  for  fixing  cisterns.  It  only  remains  to 
suggest  something  better.  Cisterns  for  domestic 
purposes  should  always  be  placed  in  positions 
where  there  are  no  foul  smells,  and  where  they 
can  be  seen  and  easily  accessible  for  examina- 
tion and  cleaning  without  the  use  of  any  arti- 
ficial light.  They  should  have  covers  to  them 
which  are  mouse,  spider,  and  dust  tight.  This 
is  not  easily  done.  Covers  are  frequently  fitted 
to  cisterns,  but  the  parts  cut  out  to  fit  round  the 
ball  valves  are  left  open,  whereas  they  should 
have  a  small  box  casing  fitted  to  them.  Even 
when  covers  are  pioperly  fitted,  careless  ser- 
vants and  workmen  will  frequently  leave  them 
out  of  their  position.  This  points  to  the  ad- 
visability of  having  the  covers  hinged,  but  the 
hinges  should  be  made  of  brass,  and  the  pins 
should  also  be  of  brass  to  prevent  them  rusting, 
which  would  result  in  their  being  broken  after 
they  had  been  fixed  some  little  time. 

Where  circumstances  will  admit  it  is  always 
best  to  have  a  small  room  set  apart  as  a  cistern 
room,  and  this  room  should  be  well  lighted  and 
kept  scrupulously  clean.  The  door  should  be 
locked,  otherwise  it  will  get  converted  into  a 
lumber  room  for  spare  or  crippled  furniture, 


old  portmanteaux,  travelling  boxes,  hats,  boots, 
and  the  usual  accumulation  of  material  that  is 
found  in  similar  places. 

There  is  no  great  objection  to  fixing  cisterns 
on  roofs,  provided  they  are  properly  protected 
from  both  heat  and  frost  in  addition  to  liability 
to  contamination  of  the  water.  The  best  plan 
is  to  make  a  deal  casing  large  enough  to  allow 
a  space  of  2  in.  to  3  in.  all  round,  between  the 
cistern  and  the  inside,  and  well  pack  the  space 
with  clean  sawdust,  slag  wool  or  other  suitable 
material;  but  on  no  account  should  dry  hair  felt 
be  used.  Particular  attention  should  be  paid  to 
the  protection  of  the  cistern  bottom  and  the 
pipe  connections  leading  into  the  house,  ^"ese 
should  pass  through  a  larger  pipe  soldered  to 
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the  roof,  as  shown  in  section  at  J,  Fig.  390. 
The  coverings  to  the  cisterw  should  he  doubled, 
with  an  air  space  between  them,  as  shown  at  K. 
If  the  outer  cover  is  air-/ight,  the  frost  will  not 
penetrate  through  the  confined  air  and  the 
second  cover. 

T/tez'r  Arrangement  attd  Material. 

All  cisterns  should  have    overflow  pipes 
attached  to  them  ^and  we  will  dwell  for  a  short 
time  on  this  small  but  important  detail.    In  the 
first  place,  it  should  not  be  in  a  position  where 
bad  air  could  pass  through  and  get  into  the 
cistern.    In  the  second  place,  the  outer  end 
should  be  turned  downwards  as  shown  at  A  in 
the  last  figure,  to  pi  event  wind  blowing  through 
t,  although,  if  the  cistern  is  fairly  well  enclosed 
this  would  not  occur,  but  it  is  as  well  to  take 
precautions  to  prevent  it.     Some  plumbers 
will  fix  hinged  flaps  on  the  outer  ends  of  the 
pipes,  but  this  should  never  be  done,  on  account 
of  their  becoming  fixed  during  frosty  weather. 
The  writer  has  seen  the  injurious  effects  of  this 
in  a  great  many  cases,  including  in  his  own 
house.    When  the  overflow  pipe  is  fixed  to  the 
side  of  the  cistern,  as  shown  in  the  figure,  any 
inward  current  of  cold  air  would  play  on  the 
surface  of  the  water  and  tend  to  freeze  it.  To 
prevent  this  some  plumbers  will  put  an  elbow 
on  the  pipe,  the  open  end  looking  upwards,  so 
as  to  direct  any  air-currents  from  the  water.  If 
this  is  done  the  elbow  should  be  made  with  a 
very  large  entrance,  or  trumpet-shaped  mouth 
to  it,  as  shown  by  dotted  lines  at  B.    A  further 
advantage  of  this  arrangement  is,  more  water 
would  pass  through  this  overflow  pipe  than  if 
it  had  simply  projected  through  the  side  of  the 
cistern.    The  enlarged  overflow  B  would  take 
away  more  water  still  if  a  cap,  with  the  edges 
just  dipping  into  the  water,  as  shown  at  C,  was 
fixed  over  it  to  prevent  air  being  sucked  in. 
But  in  this  case  the  cap  would  act  as  a  deflect- 
ing plate  and  direct  any  incoming  air  onto  the 
surface  of  the  water,  which  should  be  avoided 
if  possible.    A  further  arrangement  would  be  to 
fix  the  pipe  as  shown  by  dotted  lines  at  D,  and 
thus  prevent  some  of  the  evils  alluded  to.  This 
pipe  should  be  a  little  larger  than  the  projecting 
overflow  in  those  cases  where  an  allowance  for 
friction  should  be  made.    The  diameter  of  the 
overflow  pipe  should  always  be  in  excess  rather 
than  less,  of  the  requirements  of  the  case.  A 
li  in.   pipe   of  this   kind   would  discharge 
about  8  to  9  gals.,  and  a  2i  in.  pipe  from  18  to 
19  gals,  per  minute.    In  some  cases  the  pres- 
sure on  the  supply  to  the  cistern  is  so  great  that 
even  with  a  Jin.  service-pipe  a  2  in.  overflow 
will  not  take  away  the  water  fast  enough,  when 
the  ball-valve  gets  so  much  out  of  order  that 
it  will  not  shut  off  at  all.    By  adding  to  the 
length  of  the  overflow  pipe,  as  shown  by  dotted 
lines  below  A,  more  water  would  run  through 
in  a  given  time,  but  if  this  were  done  the  pipe 
D  would  have  to  be  omitted,  otherwise  the 
water  would  sometimes  be  syphoned  out  of  the 


cistern.  In  this  case  it  would  be  better  to 
retain  the  cap  shown  at  C  and  use  a  smaller  size 
overflow  pipe.  If  this  pipe  was  of  such  a  size  as 
to  fill  full-bore  when  the  cistern  was  overflow- 
ing, it  would  act  as  a  syphon  and  have  a  better 
effect  than  if  it  had  been  so  large  that  the  water 
did  not  fill  it.  The  overflow  pipe  should  be 
connected  to  an  iron,  or  slate  cistern,  by  means 
of  a  long  thread  and  back  nuts;  but,  sometimes, 
when  a  lead  pipe  is  used,  a  leaden  flange  is 
soldered  onto  the  pipe,  the  end  then  passed 
through  a  hole  in  the  cistern  and  tafted  over 
inside.  This,  although  often  done,  is  but  a 
poor  job,  and  is  not  so  good  as  when  the 
screwed  connection  is  used.  When  the  cistern 
is  a  lead-lined  one  the  overflow  hole  can  be  cut 


to  an  enlarged  size  and  oval-shape,  as  shown 
at  E,  Fig.  391.  This  being  better,  not  reducing 
the  cistern's  capacity  for  holding  water,  and  at 
the  same  time  will  discharge  more  water  in  the 
case  of  an  overflow  than  a  pipe  of  the  same 
capacity  which  has  a  round  orifice. 

As  the  pressure  in  a  main  supply-pipe  is 
always  less  at  the  top  than  at  the  bottom  of  a 
building,  it  follows  that  the  overflows  to  the 
lower  cisterns  are  required  to  be  larger  than  to 
those  on  upper  floors.     In  Fig.  390,  the  cistern 
is  supposed  to  be  on  the  roof,  and  enclosed 
against  any  action  by  heat  or  extreme  cold. 
Other  cisterns  are  sometimes  fixed  on  the  lower 
roof,  and  others  inside  the  house.  Wherever 
they  are  fixed  the  overflow  should  discharge 
into  the  open  air  and  not  into  any  other  pipe, 
either  for  waste  or  rain-water,  and  above  all, 
should-  not  be  connected  to  any  soil-pipe  or 
drain.     The  great  blunder  of  continuing  the 
overflow-pipe  to  discharge  over  a  gully-trap 
is  frequently  made.    Out  of  four  houses  sur- 
veyed this  week,  three  were  found  to  have  the 
overflows  so  arranged.    Fig.  392  is  a  sketch  of 
one,  but  illustrates  the  principles  of  the  whole. 
Two  cistern  oveiflow-pipes,  a  sink-waste,  and 
one  from  the  w.c.  safe,  all  discharged  over  of 
a   grating   of  a   gully-trap.    The  sink-waste 
was    trapped,    but    any    bad    odours  near 
the     discharging     ends    could    be  drawn 
through   the  cistern    and    w.c.    safe  over- 
flow-pipes, into  the  house.    All  these  latter 
pipes  have  now  been  altered  so  as  to  empty 
onto  the  pavement  some  feet  away  from  the 
gully-trap. 

In  addition  to  the  overflow-pipe,  every 
cistern,  especially  when  holding  drinking 
water,   should   have   a  provision    made  for 
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emptying  it,  when  necessary,  for  cleansing  pur- 
poses. Such  a  pipe,  which  need  not  exceed  i  in. 
in  diameter,  is  shown  at  F,  Fig.  390,  the  top 
end  at  G  being  soldered  over.  In  this  example 
the  pipe  is  shown  as  discharging  onto  the  roof, 
but  there  is  no  great  harm  if  it  is  made  to 
empty  into  a  rain-water  pipe  or  a  gully-trap. 
In  some  cases  this  may  be  thought  unadvisable, 
as  for  instance,  where  houses  are  unoccupied 
during  the  winter  months  and  the  cisterns  and 
pipes  are  emptied  to  prevent  freezing.  When 
this  is  done  and  the  pipe  F  removed,  air  can 
pass  through  the  cleaning  out  pipe;  and, 
although  there  is  no  water  in  the  cistern  to 
become  contaminated,  this  air  had  better  be 
kept  out  of  the  house.    If  a  cleaning  out  pipe 


is  not  fixed  the  cistern  has  to  be  emptied 
through  the  various  cocks  and  valves,  which 
are  frequently  injured  by  the  mud  and  sedi- 
ment in  the  cistern  bottom,  when  stirred  up, 
getting  into  them.  Neither  can  the  whole  of 
the  water  be  emptied  out  of  the  cistern  through 
the  service-pipes.  The  ends  of  these  should 
project  through  the  cistern-bottom,  as  shown 
at  H,  Fig.  390,  to  prevent  any  mud  getting 
into  the  service-pipes.  The  cistern  can  then 
only  be  emptied  to  this  level.  The  remainder 
has  to  be  dipped  or  swabbed  out;  but  the  clean- 
ing-out pipe  saves  all  this  trouble.  It  is 
generally  best  to  have  this  pipe  and  that  for 
the  overflow  distinct— some  water  companies 
insist  upon  it— but  in  such  cases  as  thrat 
shown  by  Fig.  390,  the  two  need  not  be 
fixed,  one  being  made  to  answer  for  both  pur- 
poses. If  this  were  done  the  pipe  F  should 
have  an  open  end  at  G,  and  be  made  trumpet- 
mouthed,  as  shown  by  the  dotted  lines. 

In  the  case  of  a  very  deep  cistern  the  stand- 
ing'waste,  if  made  as  shown  by  the  dotted  lines, 
would  have  a  tendency  to  float,  and  on  being 
lifted  out  of  its  socket  would  fall  sideways.  In 
a  case  of  this  kind  the  trumpet-mouth  should 
only  extend  about  from  8  in.  to  12  in.  down 
from  the  top,  which  would  reduce  its  buoyancy. 
Some  water  companies  will  object  to  the  pipe 
F,  as  shown  by  firm  lines,  on  the  plea  that  an 
ignorant  tradesman  would  perhaps  cut  off  the 


soldered  end  and  thus  convert  it  into  an  over- 
flow-pipe. To  meet  these  views  the  pipe  can 
be  cut  short,  so  as  to  extend  only  about  i  ft. 
above  the  bottom  of  the  cistern.  Ground  in 
brass  plugs,  with  a  chain  attachment,  are  some- 
times fixed  instead  of  the  stand-pipes;  but  when 
not  often  used  these  plugs  will  become  fixed  by 
corrosion,  when  it  is  found  to  be  difficult  to 
remove  them.  The  chains  will  also  often 
break  and  it  is  then  difficult  to  get  out  the  plug. 

The  various  kinds  of  ball  valves  will  be 
described  under  another  heading,  and  it  is  only 
necessary  here  to  remark  that  the  position  of 
the  ball  valve  should  be  as  far  away  from  the 
overflow  as  possible,  and  a  "silence"  or  "hush" 
pipe  should  be  fixed  to  the  nozzle  to  prevent  the 
incoming  water  making  an  unpleasant  noise. 
Even  the  monotonous  drip,  drip,  drip,  from  a 
ball  cock,  when  nearly  closed,  is  often  found  to 
be  unpleasant,  especially  when  the  cisterns  are 
near  bedrooms.  When  a  silence  pipe  is  fixed 
it  is  necessary  to  make  an  air  hole  in  it,  near 
the  top  end.  Otherwise  the  water  will  some- 
times be  syphoned  out  of  the  cistern  back  into 
the  main  when  the  supply  is  turned  off. 

All  cisterns  fixed  inside  a  house  should  have 
safes  under  to  catch  any  water  that  leaked  or 
overflowed  from  them,  and  thus  save  from  any 
serious  injury   to  rooms   beneath.  Cisterns 
made  of  iron,  either  galvanised,  painted,  or 
plain,  or  slate,  or  stoneware,  should  have  safes 
under  them  for  the  further  reason  that  a  gieat 
deal  of  condensation  takes  place  on  their  sides 
and  bottoms.    This  has  been  known  to  occur  to 
such  an  extent  as  to  show  stains  on  ceilings, 
and  lead  to  the  assumption  that  the  cisterns 
were  leaking.    If  the  cisterns  are  enclosed  con- 
densation does  not  take  place.     Even  thick 
brown  paper,  if  pasted  on  to  the  outside  of  the 
cisterns,  will   prevent   a  great    deal  of  this 
condensation,  the  paper  being  a  non-conducting 
material.    The  safes  should  always  be  at  least 
4  in.  larger  all  round  than  the  cisterns,  and  have 
good-sized  overflow   pipes   projecting  a  few 
inches  beyond  the  house  walls  or  roofs,  as 
the  case  may  be.    It  is  not  a  good  plan  to  fix 
hinged  flaps  on  the  ends  of  these  waste  pipes, 
for  reasons  that  were  given  when  describing 
those  for  cisterns.    It  is  often  found  that  the 
turned-up  sides  of  the  safes  get  trodden  down 
by  workmen  hence  the  advisability  of  having 
wooden  curbs  fixed  for  their  protection. 

The  bottom  of  the  cistern  is  the  best  place 
for  connecting  the  service  pipes,  as,  in  an 
emergency,  plugs  can  be  driven  into  the  ends; 
this  being  difficult  to  do  when  the  pipes  are 
connected  to  the  sides.  In  some  cases  it  is 
necessary  to  block  the  cisterns  up  so  that  when 
the  pipes  come  out  of  the  bottom  it  is  not 
necessary  to  bend  down  the  sides  of  the  safe  for 
them  to  pass.  In  other  cases  it  is  advisable  to 
solder  a  short  piece  of  pipe  of  a  larger  size  into 
the  bottom  of  the  safe  for  the  service  pipes  to 
pass  through,  as  shown  at  J,  Fig.  390.  . 
When  a  cistern  has  to  supply  baths  and  sinks. 
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and,  in  addition,  the  hot  water  cistern  or  boiler, 
it  is  generally  considered  to  be  a  good  plan  to 
connect  the  service  to  the  latter  near  the  bottom 
of  the  cistern.  The  service  to  baths,  &c.,  to 
stand  up  above  the  bottom  6  in.  or  8  in.,  accord- 
ing to  the  depth  and  size  of  the  cistern,  so  as  to 
reserve  a  certain  quantity  for  the  boiler,  and 
thus  reduce  the  risk  of  its  becoming  emptied. 
Water-closets  should  never  be  in  direct  com- 
munication with  cisterns  that  retain  water  for 
domestic  use. 

These  being  the  principal  leading  points  on 
this  part  of  our  subject  we  may  now  pass  on  to 

Materials. 

Cisterns  should  always  be  made  of  materials 
that  will  resist  the  action  of  water.  Because  of 
decay  and  corrosion  rendering  them  into 
a  leaking  condition,  and  also  because 
the  water  may  become  contaminated 
with  matter  injurious  to  health.  Where 
the  water  is  very  soft  and  highly  aerated 
it  will  act  on  lead,  dissolving  some  portion  of  it; 
and  this  water  on  being  drank  will  have  an  in- 
jurious effect  on  the  human  system.  If  only 
i-iooth  part  of  a  grain  of  lead  is  taken  dis- 
solved in  water  no  great  harm  would  be  done; 
but  if  water  so  charged  is  constantly  drank 
serious  results  will  follow.  Lead  is  what  is 
sometimes  called  a  cumulative  poison,  and  small 
quantities  constantly  taken  will  remain  in  the 
system  and  eventually  afflict  the  person  with 
palsy,  colic,  &c.  One  eminent  doctor  has  been 
heard  to  state  that  ceitain  cases  of  insanity  have 
been  attributed  to  lead  poisoning. 

Zinc  is  a  metallic  poison,  and  some  authori- 
ties maintain  that  it  is  nearly,  if  not  quite,  as 
bad  as  lead.  Hence  the  unwisdom  of  using 
this  material  for  cisterns  in  cases  where  the 
water  has  a  solvent  action  on  it.  Galvanised 
iron  cisterns  are  quite  as  bad  as  those  made  of 
zinc.  Indeed,  it  is  an  open  question  if  they  are 
not  worse  owing  to  the  voltaic  action  that  takes 
place  if  the  zinc  coating  is  disturbed  so  that 
the  iron  is  exposed.  Such  cisterns  are 
frequently  found  to  have  holes  eaten  through, 
although  the  other  portions  have  appeared  to 
be  as  perfect  as  when  quite  new. 

Hard  waters,  such  as  those  from  the  chalk, 
do  not  have  an  injurious  effect  on  lead,  but 
rather  protect  it  from  corrosion.  When  lead  is 
pure  it  is  not  so  much  affected  as  when  it  is 
mixed  with  other  metals.  The  greater  portion 
of  the  lead  used  nowadays  is  alloyed  with  anti- 
mony, tin,  zinc,  &c.,  which  results  from  old  lead 
being  re-used  without  first  extracting  those 
metals.  This  kind  of  lead  is  known  to  plum- 
bers by  its  hardness.  Plain  iron  cisterns  soon  ^ 
become  very  rusty  by  the  action  of  the  water  on  \ 
them.  Although  the  water  from  such  cisterns 
is  not  actually  poisonous  it  is  generally  very 
much  discoloured.  A  coating  of  freshly  slaked 
lime-wash  acts  as  a  preservative.  If  this  is 
applied  yearly  the  cisterns  will  last  much  longer 
and  the  water  not  be  discoloured.    A  coating  of 


Portland  cement  wash  will  also  protect  iron 
cisterns  from  corrosion. 

Slate  cisterns  are  looked  upon  with  favour 
by  some  people,  but  they  forget  that  the  slabs 
are  jointed  together  with  oxide  and  carbonate  of 
lead.  If  the  angles  of  such  cisterns  are  coated 
with  pitch  the  water  does  not  then  come  into 
contact  with  the  lead  cement  used  for  joining. 
When  slate  cisterns  are  used  extra  care  should 
be  taken  in  protecting  them  against  frost,  as 
the  water,  on  freezing,  expands  and  breaks  the 
slate  slabs. 

Cisterns  for  special  use,  for  holding  drinking 
water,  are  now  made  by  manufacturers.  Some 
of  these  are  made  of  the  same  kind  of  materials 
and  have  glazed  surfaces,  similar  to  drain  pipes. 
Others  are  made  of  fireclay  and  have  the 
insides  coated  with  white,  or  tinted  enamel. 
These  cisterns  are  undoubtedly  good  for  hold- 
ing drinking  water,  provided  the  enamelling  is 
done  without  the  use  of  lead  compounds. 

When  iron  cisterns  are  used  and  fixed  on  joists 
or  bearers  a  wooden  platform  should  always  be 
made  beneath  the  cisterns.  This  will  prevent 
the  bagging  down  of  the  bottom  and  also  any 
strain  on  the  pipe  connections,  which  would 
make  them  leak. 

Cisterns  should  be  cleaned  out  at  least  once 
in  three  months,  monthly  would  be  better. 
Some  people  thmk  yearly  is  quite  sufficient,  but 
if  they  took  the  trouble  to  see  for  themselves  the 
amount  of  mud  that  accumulates  in  their  cisterns 
they  would  alter  their  opinion. 

The  injurious  effects  of  having  different  kinds 
of  metals  in  connection  with  the  water  supply  is 
not  generally  known.     A  very  broad  illustration 
of  this  came  under  the  writer's  notice  in  some 
nearly  new  houses — about  twenty,  on  a  west- 
end  of  London  estate.    Fig.  393  is  a  section  of 
an  angle  of  one  of  the  cisterns  showing  the  con- 
nection of  the  cold  water  service  which  supplied 
the  hot  water  cylinder   fixed  in   the  kitchen 
about  soft,  below.    The   cisterns  were  lined 
with  7  lb.  lead  and  were  10  ft.  long  by  7  ft. 
broad.    They  had  not  been  in  use  more  than  a 
year  when  they  all  began  to  leak  at  the  same 
position.    A  minute  examination  showed  the 
lead  not  to  be  in  the  least  corroded  excepting 
for  a  few  inches  round  the  above  pipe.  The 
piece  of  pipe  A,  in  the  Fig.  was  made  of  lead, 
because  of  the  necessity  for  a  soldered  joint  to 
the  cistern,  B  being  a  gun  metal  union  for  con- 
necting to  the  galvanised  iron  pipe  C.  The 
sei rated  lines  represent  the  surfaces  of  the  lead 
in  the  cistern  and  the  inside  of  the  lead  pipe 
that  were  eaten  away.    Several  days  were  spent 
at  odd  times  in  pondering  over  the  cause  of 
this,  apparently,  phenomena,  and  fellow  trades- 
men consulted.    The  unanimous  opinion  was 
that  the  lead  was  corroded  by  a  voltaic  action 
between  zinc  in  solution  in  the  water  and  the 
lead,  caused  as  follows  :  At  night  when  the 
kitchen  fire  was  out  and  the  water  in  the  cylinder 
and  boiler  had  cooled  down  so  as  to  shrink  to 
its  ordinary  bulk,  the  water  in  the  cold  service- 
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the  zinc  lining  of  the  iron  pipe 
some  portion  of  it.     On  lightmg 
morning,  no  water  having  been 
the  hot  water  pipes,  the  water 
that  some  was  forced  back  into 
This  water  being  saturated  with 
ifle  heavier  than  ordinary  water, 


and  fell  down  as  shown  by  the  arrows.  The 
side  ot  the  cistern,  as  shown  by  the  upper 
arrow,  was  very  slightly  affected  on  the  edge  of 
the  soldering,  but  the  lead  on  the  bottom  was 
eaten  almost  entirely  away  for  a  distance  of 
about  6  to  8  in.  all  round  the  pipe.  Here  we 
have  zinc,  iron,  lead,  and  tin  in  contact  with 


water,  and  there  is  not  the  least  doflov  lhat  a 
voltaic  action  was  set  up,  with  the  results 
described.  Ever  since  this  experience  the 
writer  has  always  used  lead  services  to  the  hot 
water  cylinder  when  the  cisterns  were  lined 
with  lead,  and  galvanised  iron  pipes  when  the 
cistern  was  made  of  that  material. 

It  is  highly  probable  that  a  frequent  cause  of 
corrosion  of  lead  cisterns  is  the  presence  of 
some  other  metal,  either  in  a  solid  state  or  in 
solution,  in  the  water.  Iron  rust  is  often  found 
at  the  bottom  of  cisterns,  having  passed  from 
the  iron  mains  with  the  water.  From  the  fact 
that,  generally  speaking,  the  bottoms  of  lead 
cisterns  are  affected  more  than  the  sides,  we  are 
led  to  assume  that  the  corrosion  takes  place 
from  matters  that  gravitate  to  the  bottom,  thus 
tending  to  show  that  their  specific  gravity  is 
greater  than  that  of  water.  Metals,  and  some 
other  matters,  when  dissolved  in  water,  make  it 
heavier.  Mention  was  made  in  some  of  the 
earliest  of  these  lectures  as  to  the  action  that 
takes  place,  especially  with  soft  waters,  at  the 
edges  of  the  angle  soldering  in  lead  cisterns. 
Galvanised  iron  cisterns  are  also  very  much 
affected  by  the  presence  of  other  metals  in  the 
water;  even  plain  iron  cisterns  are  often  affected 
in  some  parts  more  than  others. 

The  practice  of  painting  iron  cisterns  inside 
with  preparations  of  lead  cannot  be  too  strongly 
condemned.  Cisterns  thus  treated  will  often 
rust  with  more  violence  than  if  they  had  not 
been  painted  at  all.  Iron  oxide  paint  is  much 
better  in  this  case  than  lead  paint. 

It  has  been  suggested  that  if  glass  cisterns, 
made  all  in  one  piece,  were  used  for  holding 
water  and  fixed  in  suitable  positions,  there 
would  be  no  difficulty  in  seeing  when  it  was 
necessary  to  have  them  cleaned  out.  Neither 
is  glass  so  liable  to  corrosion  as  the  metals 
usually  used  for  cistern  work. 

In  places  where  the  water  is  such  that  no 
corrosion  takes  place,  metallic  cisterns  are  the 
best  to  use  for  all-round  purposes;  hut  where 
such  a^-tion  sets  up  it  is  highly  dangerous  to 
use  either  lead,  zinc,  or  galvanised  iron  cisterns 
for  storing  water  for  dietary  purposes. 

To  prevent  the  sides  of  cisterns  being  forced 
out  by  the  pressure  of  water  in  them  it  is  im- 
portant that  they  should  be  well  braced  together. 
This  part  ot  the  subject  should  be  under  a 
separate  heading.  Not  that  we  shall  deal  with 
the  whole  question  of  hydrostatics  at  the 
present  time,  but  only  so  far  as  is  necessary  for 
our  present  purpose. 
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TO  make  this  part  of  our  subject  clear  we 
must  first  consider  certain  physical  proper- 
ties in  connection  with  water. 

Water  is  composed  of  a  number  of  molecules 
which  can  be  separated  from  each  other,  and  to 
such  an  extent  that  they  may  become  so  small 
as  to  be  invisible,  thus  showing  their  diminutive 
size.    These  small  atoms,  although  they  have 
an  affinity  for  each  other,  are  each  free  to  move 
in  any  direction,  and  will  do  so  on  the  applica- 
tion of  force.    But  if  no  force  was  brought  to 
bear  upon  them  they  would  remain  stationary 
so  long  as  they  were  supported,  in  any  position. 
In  this  case  force  is  not   referred  to   as  a 
mechanical  power,  but  simply  a  natural  property 
by  which  all  matter  is  attracted  to  the  earth's 
centre.     This  is  called  gravity.     If  an  attempt 
were  made  to  pile  water  up  in  a  heap,  or  in  the 
shape  of  a  pyramid,  it  would  be  found  to  be 
impossible  ;  for  the  water  being  composed  of 
atoms  which,  quite  independently  ot  each  other, 
are   attracted  by  gravity  and  each  atom  is 
drawn  downwards.    But  as  two  atoms  cannot 
be  in  the  same  place  at  the  same  time,  it  follows 
that  they  roll  over  each  other  until  they  get  to 
a  something  which  stops  them  from  going  any 
further.    If  a  boy  were  to  attempt  to  make  a 
pyramid  with  marbles  he  could  do  so,  provided 
those  on  the  margin  of  the  base  were  "scotched," 
or  placed  on  something  so  rough  that  they 
would  not  roll.    But  it  is  not  so  with  water. 
The  atoms  may  be  as  round  as  marbles,  but 
water   has   no   form    of  its  own,    and  only 
adjusts  itself  to  the  shape  of  anything  with 
which  it  comes  in  contact.    A  piece  of  polished 
glass  has  a  rough  surface,  when  seen  through  a 
microscope;  but  if  water  was  poured  onto  it, 
when  placed  horizontally,  all  the  small  cavities 
would  be  filled  with  the  water,  the  surface  of 
which  only  would  be  smooth.    If  the  piece  of 
glass  was  fixed  perfectly  level  the  water  would 
also  be  level,  and  of  an  equal  depth  through- 
out if  we  omit  the  depth  of  the  cavities  in  the 
glass,  which  are  too  small  to  be  measured.  If 
the  piece  of  glass  had  one  end  slightly  raised 
the  water  would  then  run  off  at  the  lower  end, 
being   drawn    downwards   by   gravity.  Not 
that  all  the  water  would  run  off.   The  glass, 
if   clean,    would   remain  wetted  by  a  small 
quantity  remaining  and    kept   there  by  the 
force   of  "adhesion."    If  the   edges   of  the 
glass   were     slightly    greased,    more  water 
could   be   placed   upon   it   than   if  the  glass 
had  been  perfectly  clean;  not  that  the  grease 
acts  as  a  "  scotch,"  although  it  is  so  to  a  certain 
extent,  but  rather  to  the  fact  that  there  is  no 
cappillary  attraction  between  grease  and  water, 
with  the  result  that  the  water  is  repelled  instead 
ot  being  drawn   towards  the  grease.    But  if 
sufficient  water  were  poured  on  the  glass  so  as 
to  stand  higher  than  the  grease  on  the  edges, 
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and  high  enough  to  overcome  the  repulsion  of 
the  grease,  the  excess  of  water  would  flow  over 
the  edges  of  the  glass  and  run  away  to  some 
lower  level.  This  would  take  place  all  round 
the  edges  of  the  glass,  showing  that  the  force  of 
gravity  is  acting  at  all  parts  at  the  same  instant 
of  time. 

The  atoms  of  which  water  is  composed  are 
free  to  move  in  any  direction.  If  a  vessel  is 
partly  filled  with  water  and  then  more  is  added, 
that  already  in  the  vessel  would  have  some  of 
its  atoms  pushed  aside  to  make  room  for  that 
added;  but  the  whole  body  of  the  water  would  be 
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increased  in  volume  and  would  stand  at  a  higher 
level  in  the  vessel.  But  the  surface  would  be 
horizontal,  no  part  being  raised  higher  than 
another,  excepting  at  the  point  of  contact  be- 
tween the  surface  of  the  water  and  the  sides  of 
the  vessel.  This  part  being  slightly  raised  by 
the  action  of  capillarity.  If  the  vessel  were 
made  of  porous  material  water  would  be  found 
to  ooze  through  in  all  directions,  but  with  greater 
speed  at  the  bottom,  and  sides  near  the  bottom, 
than  at  higher  places.  If  the  vessel  had  holes 
made  in  it,  as  shown  by  Fig.  394,  and  the  height 
of  water  in  it  kept  at  a  constant  level,  water 
would  run  out  of  the  hole  A,  much  faster  than 
any  of  the  others.  B  would  discharge  water 
faster  than  C  ;  and  C,  than  D.  The  reason 
of  the  water  running  out  of  the  holes,  no 
matter  their  size,  is  because  of  the  attraction  of 
gravitation.  Water  flows  out  of  A,  I'aster  than  the 
other  holes  because  of  the  weight  of  the  water 
above  pressing  downwards.  Hence,  the  greater 
the  depth  or  head  of  water,  the  greater  the  speed 
at  which  it  escapes  though  the  openings.  And  by 
the  same  rule,  the  greater  the  depth  of  water  the 
more  pressure  is  exerted  against  the  sides  of  the 
vessel  which  holds  it.  The  shape  and  plan  of 
the  vessel,  or  cistern,  have  no  iDearing  on  the 
matter,  and  it  is  only  the  pressure  due  to  head 
or  depth  that  have  to  be  considered.  From 
these  remarks  it  will  be  gleaned  that  the  water 
presses  in  all  directions,  and  the  pressure  of 
water  in  a  cistern  is  greatest  on  the  iDOttom  and 
the  sides  close  to  the  bottom  than  at  other 
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parts,  and  is  reduced  gradually  as  the  surface 
of  the  water  is  approached.  To  make  this 
more  clear,  we  will  assume  an  elementary  pro- 
blem first.  Supposing  we  had  an  open  cistern 
filled  to  the  brim  with  water,  the  cistern  being 
6  ft.  deep.  Water  presses  with  a  force  of  62-5  lbs. 
on  each  square  toot,  and  -434  lbs.  on  each 
square  inch  of  surface  for  each  foot  of  head  or 
depth.  If  we  multiply  62-5  lbs.  by  6  ft,  we  find 
that  a  total  of  375  lbs.  is  pressing  on  each 
square  foot  of  the  cistern  bottom.  If  we  further 
assume  that  the  cistern  is  3  ft.  by  2  ft.,  we  find 
the  area  of  the  bottom  to  be  6  ft.,  which,  multi- 
plied by  the  375  lbs.  gives  a  total  pressure  on 
the  bottom  only  of  2,25olbs.  This  being  really 
the  actual  weight  of  the  water. 

We  may  here  pause  for  an  instant  to  again 
draw  attention  to  the  importance  of  having  good 
supports  to  cisterns,  and  also  of  having  plat- 
forms for  those  made  of  light  material,  such  as 
galvanised  iron,  to  stand  upon  to  prevent  the 
bottoms  bagging  down. 

To  proceed  with    our   problem,   we  have 
already  seen  that  pressure  is  exerted  against 
the  sides  of  the  cistern,  as  well  as  the  bottom, 
and   we   must   deal   with  that   as   well.  In 
calculating  pressure  against  the  sides  of  any 
vessel  holding  water  it  is  usual  to  take  a  mean 
of  the  depth  as  a  basis  to  work  with.  Although 
water  presses  on  the  bottom,  as  above  stated, 
at  the  surface  the  pressure  is  nothing;  so,  it  we 
now  take  the  375  lbs.  as  pressing  on  each  square 
foot  of  the  cistern  bottom  +  o  for  that  at  the 
water  surface  and  -f  2,  we  get  a  mean  pressure 
of  i87"S  lbs.  on  each  square  foot  of  the  sides  of 
the  cistern.    To  find  the  total  pressure  inside 
the  cistern  we  proceed  to  first  find  the  area 
of  the  sides.    By  collecting  the  dimensions 
thus:  3  ft. +  2  ft. +3  ft. +  2  ft,  we  find  that  there 
are  10  ft.  girt  inside  the  cistern,  which  x  6  ft.,  the 
depth,  gives  a  total  of  60  square  feet,  which 
X  187-5  lbs.   g^ves  us  1 1,250  lbs.  as  pressing 
against  the  sides  only.    This,  added  to  the 
pressure  on   the  bottom,  shows  a  total  of 
13,500  lbs.   pressing  against   the   sides  and 
bottom  of  the  cistern.    It  is  here  necessary  to 
draw   attention    to    the    difference  between 
"weight"  and  "pressure,"  as  applied  to  this 
branch  of  our  subject.    "Weight"   means  a 
ponderous  mass  ;  something  heavy  ;  that  which 
weighs  down,  &c.    "  Pressure,"  the  force  of  one 
body  acting  on  another.    In  our  problem  we 
have  2,250 lbs.  "  weight"  of  water  exercising  a 
"pressure,"  which  is  distributed  over  the  whole 
inside  area  of  the  cistern,  of  13,500  lbs.  Thus 
showing  that  the  two  terms  must  not  be  con- 
founded.   We  shall  have  more  to  say  on  pres- 
sure at  a  future  time.    We  will  now  deal  with 
pressure  on  cistern  sides  and  its  results. 

Cisterns  are  frequently  made  for  holding 
water  and  no  thought  whatever  given  to  the 
importance  of  properly  "staying"  them  to 
resist  internal  pressure.  Wooden  cisterns, 
when  to  be  lined  with  sheet  metal,  have  dove- 
tailed angles;  but  this  kind  of  joint  only  resists 


pressure  in  one  direction.    Hence  the  frequency 
of  finding  them  broken,  or  gaping  open;  and 
the  metallic  lining  being  left  without  any  sup- 
port, torn  or  cracked.     The  centre  of  the  sides 
also  will  bulge  outwards  by  the  inside  pressure 
of  water,  and  as  the  cistern  empties  they  will 
spring  back,  or  nearly   so,  to  their  original 
position.    This  rocking  motion,  if  I  can  make 
myself  understood  by  that  term,  will  cause  the 
metallic   lining   to   crack   near  the  bottorn. 
In  the  case  of  a   lead  lined  cistern  this 
crack  is  generally  found  on  the  top  edge 
of  the  soldering  near  the  bottom.  Galvanised 
iron  cisterns  will  often  leak  at  the  rivetting 
to  the  bottom  or  upright  angles.    Slate  cisterns 
will  crack,  or  the  joints  start  leaking.    To  pre- 
vent these  failures  occurring,  all  cisterns  should 
be  well  braced  or  stayed  together,  and  the 
ties  should  be  placed  in  the  positions  where 
they  are  of  the  most  use.    And  not  only  that, 
but  the  cisterns  should  be  made  of  good  stout 
material.    Wooden  casings  tor  metallic  lined 
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cisterns  should  never  be  less  than  ijin.  to  2  in. 
thick,  excepting  where  they  are  very  small  m 
size.  Galvanised  iron  cisterns  of  a  small  size 
should  be  made  out  of  not  less  than  ^ih  plate. 
What  may  be  called  a  medium  size  iron 
cistern  should  be  made  of  3-«6th  plate, 
and  one  of  300  or  400  gals,  should  have 
not  less  than  i  in.  thick  iron  plate  sides  and 
bottom,  and  rivetted  to  good  strong  angle  irons. 
A  rim  round  the  top  should  always  be  fixed  to 
strengthen  the  edge.  Two  or  three  lectures 
could  be  devoted  to  this  subject  with  advan- 
tat^e,  but  we  can  only  afTord  time  to  give  a  few 
examples  to  illustrate  a  few  leading  points  m 
"staying"  cisterns. 

Fig.  395  is  a  fragment  of  a  side  of  a  wrought- 
iron  cistern  with  angle  irons  at  top  and  bottom. 
The  usual  practice  is  to  fix  a  tie  across,  as 
shown  at  E,  about  halfway  between  the  top  and 
bottom.  But  the  greatest  pressure  of  water  is 
not  exerted  on  the  sides  at  this  point.  U  the 
cistern  is  full,  and  6  ft.  deep,  by  calculations  wq 
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find  that  at  F  the  pressure  is  62ilbs.  on  each 
square  foot  of  surface.  At  G,  the  pressure  is 
125  lbs.;  at  H,  iSyilbs.;  at  J,  250 lbs.;  K  is. 
312^  lbs.,  and  L  375.  By  simple  addition  we 
then  find  that  the  pressure  above  the  tie-rod  E, 
is  equal  to  375  lbs.,  and  below  it  937^  lbs.  tor 
each  square  foot  of  surface.  The  sides  of 
cisterns  so  braced  are  sometimes  found  to  be 
as  shown  by  dotted  lines. 

By  calculation  we  find  the  mean  of  pressure 
against  the  cistern  sides  is  equal  to  nearly 
219  lbs.  per  square  foot,  and  this  is  exerted  at  a 
distance  of  3  ft.  6  in.  from  the  top,  or  about  6  in. 
below  ihe  position  of  the  rod,  as  shown  in  the 
figure.  In  practice  it  is  best  to  fix  the  rod 
2-3rds  of  the  depth  down  when  measured  from 
the  top  edge,  as  the  cistern  is  very  rarely  filled 
so  full  as  we  have  assumed. 

If  two  tie-rods  are  used  instead  of  one,  as 
shown  by  Fig.  395,  they  should  be  fixed  2  ft.  6  in. 
and  4  ft.  6  in.  respectively  from  the  top  edge, 
still  assuming  the  cistern  to  be  6  ft.  deep.  For 
cisterns  of  other  depths  the  above  distances  to 
be  varied  in  proportion.  For  very  deep  cisterns 
it  is  sometimes  necessary  to  fix  three  or  four 
tie-rods  in  the  depth,  and  for  those  of  a  large 
size,  on  plan,  these  rods  should,  in  some  cases, 
not  exceed  2  to  3  ft.  apart  unless  the  materials 
of  which  the  cisterns  are  made  is  strong  enough 
to  resist  the  pressure  of  the  water  against  them. 
The  pieces  of  angle,  or  T-iron  to  which  the  endsof 
the  tie  rods  are  bolted  or  rivetted,  should  also  be 
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stronger  than  is  usually  fixed,  and  should  be  well 
rivetted  to  the  cistern  sides  to  prevent  them  be- 
torn  asunder.  In  Fig.  395,  this  iron  is  shown 
with  four  rivets.  In  some  cisterns  only  two 
rivets  are  used,  and  they  are  fixed  near  the  ends 
some  distance  away  from  the  tie-rod,  where  the 
greatest  strain  is  exerted. 

For  metal-lined  wood  cisterns,  the  tie-rods 
should  pass  through  pipes,  as  shown  at  A, 
Fig.  396,  the  ends  being  soldered  to  the  sides  as 
shown  at  B,  and  the  iron  bolts  each  having  a  head 
at  one  end.  The  other  end  being  screwed  and 
made  to  fit  tight  by  means  of  a  nut,  as  shown 
at  C.  Iron-plates  should  be  fixed  outside  the 
cistern,  as  shown  at  D,  so  as  to  distribute  the 
strain  when  being  screwed  up,  and  also  the 
internal  pressure  when  the  cistern  is  filled  with 
water.  The  writer  some  little  time  ago  had  to 
examine  a  very  large  lead-lined  wood  cistern, 
and  by  measurement  he  found  that  225  ft.  of 
pipe  had  been  used  for  the  iron-tie  rods  to  pass 
through  the  number  of  soldered  joints  to  the 
sides  being  36.  It  may  be  considered  to  be 
a  mistake  to  fix  tie-rods  in  a  cistern  of  this 


size,  as  workmen  step  on  and  bend  them  down 
when  getting  in  and  out.  They  are  also  in 
the  way  when  working  inside  the  cistern.  The 
old-fashioned  method  of  making  a  timbered 
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and  ends  were  cast  in  one  piece,  generally  with 
raised  ornaments  on  the  face.  The  backs  and 
bottoms  were  cast  plain  and  soldered  on  by 
"  wiping"  the  angles  inside.  The  cisterns  were 
braced  together  as  shown  at  E  E  in  the  figure 
by  means  of  pieces  of  cast  sheet  lead,  about 
^in.  to  fin.  thick,  the  ends  of  which  were  wiped 
to  the  sides.  A  great  many  of  this  kind  of 
cisterns  are  found  in  the  older  parts  of  London, 
and,  generally  speaking,  are  in  very  good  con- 
dition, although  some  of  them  are  nearly  200 
years  old. 
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When  cisterns  are  made  of  cast  iron  plates, 
bolted  togetlier,  and  are  of  such  a  size  as  to 
require  being  bonded  with  ties,  it  is  usual  to 
connect  the  sides  to  the  bottom,  as  shown  at 
F  F,  Fig.  399,  which  is  a  sketch  of  a  fragment 
of  such  a  cistern. 

When  cisterns  of  an  irregular  shape  are  used 
it  then  becomes  more  necessary  to  study  what 


bonds  to  fix  to  keep  the  sides  from  being  so 
distorted  as  to  cause  them  to  leak.  Fig.  400  is 
the  plan  of  an  example  of  such  a  cistern.  The 
writer's  attention  was  drawn  to  this  on  account 
of  its  leaking  in  the  internal  angle  at  G.  _  At  a 
first  glance  the  sides  appear  to  be  well  tied  to- 
gether, but  it  was  found  that  the  pressure  of 
water  forced  them  out,  as  shown  by  the  dotted 
lines,  and  the  angle  iron,  denoted  by  the  arrow, 
was  cracked  for  some  considerable  distance. 
Additional  tie  rods,  as  shown  by  thick  dotted 
lines  should  have  been  fixed  to  prevent  this.  If 
the  two  outside  angles  H  H  had  been  tied,  as 
shown  by  the  chain  line,  the  same  result  would 
have  been  obtained;  but  as  the  cistern  was 
fixed  in  a  tower,  and  the  corner  had  been  cut 
out  as  a  means  for  access,  these  rods  would 
have  been  in  the  way. 

A  case  of  another  kind  came  under  the 
writer's  notice  where  the  omission  of  proper  tie 
rods  led  to  the  cistern  leaking.  This  is  shown 
by  Fig.  401.  To  make  clear  why  this  cistern 
broke  down,  it  will  be  necessary  to  first  explain 
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that  water  not  only  presses  downwards  and 
sideways,  but  also  upwards,  when  confined  in 
any  vessel.  And  the  upward  pressure  is  equal 
to  that  in  other  directions,  when  exerted  at  the 
same  level.  The  cistern  being  made  of  wood, 
the  upright  angles  could  be  dovetailed  together. 
But  this  mode  of  joining,  as  usually  practised. 
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is  only  useful  in  one  direction,  and  of  no  use  at 
all  unless  the  notches  are  cut  a  certain  way  with 
regard  to  the  grain  of  the  wood.  The  sloping 
side  of  the  cistern  could  not  be  dovetailed  to 
advantage,  with  the  result  that  it  was  simply 
nailed  at  the  ends,  as  shown  in  the  figure. 
Screws  would  have  been  much  better,  but  in 


this  case  nails  only  were  used.  The  mean  pres- 
sure of  water  under  the  sloping  part  was  about 
846  lbs.  in  all,  that  is  over  the  whole  surface, 
and  the  result  was  the  nails  were  partly  drawn 
out  and  the  boarding  forced  outwards,  thus 
throwing  the  whole  of  the  strain  on  the  lead. 
Another  source  of  weakness  arose  from  the 
lead  lining  not  being  properly  supported. 
When  the  cistern  was  empty  the  lead  msidethe 
sloping  part  bagged  down  and,  on  the  cistern 
being  again  filled,  was  forced  back  to  its 
original  position,  with  the  result  that  it  crackea 
in  the  angle  to  which  the  arrow  points. 


CLEANING  OUT  CISTERNS. 


OPINIONS  vary  very  much  on  this  topic, 
especially  when  metal  or  metallic  lined  cis- 
terns are  under  consideration.  It  is  impossible 
to  draw  clean  water  from  a  dirty  cistern,  hence 
the  necessity  of  frequent  cleansing.  But  in  the 
case  of  lead  cisterns  it  is  sometimes  argued  that 
when  scrubbing  them  the  oxidised  surface  of 
the  lead  is  removed,  and  a  frequent  repetition 


of  the  process  will  reduce  the  thickness  of  the 
metal.  But  this  does  not  take  place  m  the 
manner  generally  understood.  Metallic  lead 
can  be  scrubbed  clean  and  no  harm  done,  but  it 
it  is  in  a  state  of  corrosion,  as  we  so  often  hnd, 
and  which  is  generally  shown  by  white  patches, 
scrubbing  will  remove  these  patches,  but  ine 
lead  is  not  aftected  by  being  cleansed  so  much 
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as  by  the  action  of  the  water.  Where  lead  is 
thus  affected,  the  sooner  it  is  cleaned  the 
better,  as  the  chemical  action  oi  the  water  on 
the  parts  that  are  corroded,  dissolves  some  of 
the  lead  and  takes  it  up  in  solution.  Water  so 
charged  is  dangerous  to  use  for  drinking.  Zinc 
lined  cisterns  are  aflfected  in  a  similar  manner. 

In  the  case  of  galvanised  iron  cisterns  the 
\vater  will  eat  away,  as  we  generally  call  it,  the 
zinc  coating,  which  can  frequently  be  seen 
floating  on  the  surface  of  the  water,  and  having 
the  appearance  of  a  thin  film  of  milk,  which 
can  be  skimmed  oft.  Some  of  this  zinc  will 
sink  to  the  bottom,  and  a  great  deal  become 
dissolved  in  the  water. 

Complaints  are  frequently  made  that  cisterns 
leak  after  the  plumbers  have  cleaned  them  out, 


and  the  unkind  charge  advanced  that  the  men 
have  done  this  for  the  sake  of  making  more 
work  for  them  to  do.  In  such  cases  the  mis- 
chief is  done  before  the  plumber  is  sent  for,  and 
the  cisterns  would  have  leaked  at  an  early  date, 
and  thus  necessitated  his  attention  for  repairs. 
In  most  cases  the  above  charge  is  unfounded. 
Wherever  the  water  acts  on  the  metallic  lining 
of  cisterns  precautions  should  be  taken  to  pre- 
vent this  action,  but  it  should  never  be  ad- 
vanced as  an  excuse  for  not  having  them 
cleaned  out,  Better  far  spend  a  few  shillings, 
or  pounds,  as  the  case  may  be,  in  repairing  or 
renewing  cisterns,  than  be  poisoned  by  drink- 
ing bad  or  dirty  water.  My  own  cisterns  are 
emptied  once  a  week,  and  thoroughly  scrubbed 
out  once  a  month. 


LINING  CISTERNS 

THIS  subject  was  so  fully  dealt  with  in 
"  Plumbing  Practice  "  that  it  is  difficult  to 
say  anything  new  on  the  matter;  but  for  the  sake 
of  those  who  have  not  read  that  work  it  is  pro- 
posed to  make  a  few  remarks  on  the  proceed- 
ings. 

In  the  first  place  the  lead  should  never  be  of 
less  substance  than  6  lb.  for  the  sides,  and  7  lb. 
for  the  bottom.    Seven  pound  sides  and  81b. 
bottoms  are  better  where  the  work  is  to  be  well 
done.    In  some  cases  81b.  and  10  lb.  respec- 
tively, have  been  used.    The  lead  should  always 
be  cut  out  from  near  the  centre  of  the  sheet,  or 
at  all  events,  some  distance  from  the  outer  end, 
wliich  is  sometimes  injured  by  being  rolled  over 
rough  or  gritty  substances.    Before  the  sheet  is 
opened  out  the  floor  should  always  be  carefully 
swept  and  search  made  for   any  stray  clout 
nail  that  may  be  laying  about,  or  if  any  nail- 
heads  are  standing  up  out  of  the  floor.  Either 
of  these  would  cut  a  hole  through  the  lead  from 
the  under  side  and  not  show  sufficiently  on  the 
upper  surface  to  be  noticed,  and  thus  lead  to  a 
lot  of  trouble  after  the  cistern  is  lined,  by 
resulting  in  a  leakage.    Careful  measurements 
should  be  taken  from  the  wooden  cistern  case, 
so  that  the  lead  may  be  cut  out  to  the  exact 
size  and  thus  avoid  any  waste  of  material  by  be- 
mg  too  large,  or  having  to  stretch  the  lead  if 
cut  too  small.    In  addition  to  the  dimensions  of 
the  inside  of  the  cistern,  margins  have  to  be 
addled  for  the  laps  at  the  angles  and  for  turning 
over  the  top  edge  and  to  lay  on  the  bottom.  As 
an  example,  assume  a  cistern  measured  inside 
is  4  It.  long  X  3ft.  broad  x  3  ft.  deep.    Such  a 
cistern  would  be  lined  with  three  pieces  of  lead, 
namely,  one  for  the  bottom  and  two  for  the 
sides  and  ends,  which  would  be  cut  nut  in  pairs 
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so  that  only  two  out  of  four  of  the  upright 
angles  would  require  to  be  soldered.  The  length 
of  the  two  latter  pieces  would  each  =4  ft. +  3  ft. 
+  2  in.  (for  the  laps  at  the  angles)  or  7  ft.  2  in. 
long.  The  width  equal  to  the  depth  of  the 
cistern,  with  a^in.  added  for  turning  on  the  top 
edge  and  laying  on  the  bottom,  or  3  ft.  2 J  in.  in 
all.  The  bottom  to  be  cut  J  in.  less  than  the 
size  of  the  cistern.  Before  cutting  out  the  lead 
a  square  should  be  tried  in  the  angles  of  the 
cistern  to  make  sure  that  it  is  not  "out  o' 
square,"  or  distorted.  It  all  the  sides  and  the 
bottom  are  found  to  be  square,  or  at  right 
angles  to  each  other,  the  same  tool  must  be 
used  when  marking  out  the  lead.  If  the  case  is 
found  to  be  out  of  shape  by  carelessness  of  the 
carpenter,  or  designedly  so  to  suit  the  position 
it  is  to  be  fixed  in,  then  a  "bevel"  should  be 
used  to  take  the  angles  properly  and  then 
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applied  to  the  sheet  of  lead  for  marking  out,  so 
that  the  piece  may  be  cut  to  the  proper  shape. 
A  strip  of  wood  or  a  straight  lath  is  best  for 
taking  the  dimensions  of  the  sides  and  ends. 
After  marking  it  out  the  lead  should  be  care- 
fully cut  to  the  lines.  This  is  sometimes 
slovenly  done,  with  the  result  that  the  plumber 
gives  himself  unnecessary  trouble  by  having  to 
trim  the  edges  afterwards.  After  the  pieces  of 
lead  are  cut  oat   they  should  be  laid  on  a 
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smooth  surface,  either  on  the  bench  or  on  the 
floor,  and  "flapped  "  down  nice  and  even.  I  he 
"flapper,"  which  is  usually  made  out  of  a 
remnant  of  sheet  lead  with  a  handle  formed  as 
shown  by  Fig.  402,  and  having  rounded  corners, 
being  preferable  to  using  a  "dresser,"  especially 
when  the  face  of  the  latter  is  rough  or  much 
worn.  Very  few  plumbers  can  dress  out  lead 
quite  smooth  without  making  tool  marks,  and 
younc'  men  almost  invariably  bruise  it  by 
dic^t'ing  in  the  heel  of  the  dresser.  When  this 
toofis  used  it  should  be  made  of  hornbeam  in 
preference  to  boxwood,  and  the  face  should  be 
rounded,  both  in  its  length  and  across  the  face. 
Neither  should  the  "  setting-in-arris "  be  so 
sharp  as  that  on  a  dresser  used  for  finishing  oft 
when  lead  laying  on  roofs. 

After  the  lead  has  been  so  far  prepared,  the 
ed^es  for  the  angles  should  be  made  quite 
straight,  a  "  steel-faced  jack-plane  "  is  best  for 
this  purpose,  and  fresh  lines  made  near  the 
edges  for  creasing  those  that  are  to  fit  in  the 
an<^les.  As  these  lines  have,  of  necessity,  to  be 
m^de  on  the  upper  face,  they  should  be  so 
measured  for  distance  that  the  lead  will  ht  its 
exact  position,  and  not  be  too  large.  In  other 
words,  an  allowance  of  from  Jin.  to  3-ioin. 
must  be  allowed  for  the  thickness  of  the  lead  in 
the  upright  angles.  Otherwise  the  piece  will 
fit  too  tight,  and  either  disjoint  the  wooden 
casinc^  or  buckle  out  of  shape.  All  the  edges  ot 
the  lead,  excepting  those  which  are  to  turn  on 
the  top  of  the  cistern,  should  be  rasped  thin,  or 
what  is  commonly  called  to  a  "feather-edge. 
From  this  point  there  are  two  methods  of  pro- 


I 

1 

I 
1 

1 

 i?-^. 

1 

Fl  O  403 

ceeding.    A  very  skilful  and  neat  workman  will 
soil  and  shave  all  the  parts  that  are  to  be  joined 
together  with  solder,  but  anyone  not  so  good 
will  make  a  botch  of  it,  and  so  spoil  the  pre- 
pared parts  that  they  will  require  to  be  again 
soiled  and  shaved.    Speaking  to  an  ordinary 
craftsman  it  will  be  found  best  to  crease  the 
edges  of  the  lead  on  the  dotted  lines,  shown  by 
Fig.  403,  dress  them  quite  straight,  and  then 
fold  the  piece  as  shown  by  the  line  A.     T  he 
corners  at  B  B  being  first  cut  off  so  as  to  meet 
in  mitres  when  in  their  position.    The  corners 
C  C  being  left  for  meeting  in  a  similar  way 
when  the  lead  is  folded  over  the  top  edge  of 
the  case.    Some  plumbers  will  score  the  lead 
on  the  doited  lines  shown  in  the  figure  by 
ploughing  a  groove  with  the  sharp  point  ot  a 
shave  hook.     By  doing  this  tne  lead  is  slightly 
reduced  in  thickness,  and  the  edges  can  be 
folded  up  without  distorting  the  lead  or  bruising 
it.    The  angle  A  should  be  creased  and  lightly 
"  set  in"  with  a  dresser,  but  not  scored  on  any 
account.    The  outside  of  the  angle  should  then 


be  dressed  quite  straight,  so  that  it  will  fit  the 
angle  of  the  deal  case,  and  not  require  any 
further  setting  in,  which  would  perhaps  reduce 
the  substance  of  the  lead.  The  piece,  when  so 
far  prepared,  should  be  folded  slightly,  so  that 
it  can  be  easily  lifted  into  the  cistern  and  after- 


wards unfolded.    The  best  way  for  doing  this  is 
to  place  the  prepared  corner  in  its  position,  fold 
the  sides  backwards,  so  that  the  ends  can  be 
pushed  into  their  respective  angles,  when  by 
pressing  back  the  centre  or  bellied  portions  of 
the  sides  the  lead  is  at  once  in  its  proper  posi- 
tion without  any  dressing  or  use  of  tools.  Fig. 
404  shows  one  side  in  its  position,  and  the 
bellying  of  the  other  side  ready  for  pressing 
back.  A  mallet  and  dresser,  or  a  "  chasewedge," 
can  now  be  used,  as  shown  by  the  arrows,  to 
drive  in  the  return  edges  on  the  bottom,  after 
which  a  few  clout  nails  can  be  driven  in  as 
shown  by  the  dots  to  hold  the  lead  tight  in  the 
angle.    The  upright  angles  to  be  then  treated 
in  the  snme  manner.    The  top  edge  should  then 
be  dressed  over,  care  being  taken  to  keep  the 
arrises  nice  and  straight,  but  on  no  account  to 
work  them  up  too  sharp. 

When  folding  the  lead  on  the  top  edge  care 
should  also  be  taken  to  keep  the  sides  from  be- 
ing pulled  up  so  that  the  bottom  edge  is  raised 
from  its  position.  Some  plumbers  will  score  the 
back  of  the  lead  sides,  on  a  level  with  the  top 
edge  of  the  cistern  case,  so  that  the  lead  will 
fold  over  easier;  but  this  practice  is  bad  and 
should  not  be  followed.  The  other  side  and 
end  should  then  be  treated  in  a  similar  manner 
to  the  last,  excepting  that  no  nailing  should  be 
done  in  the  upright  angles.  Or  if  it  is  found  to 
be  necessary  to  put  in  one  or  two  to  keep  the 
lead  from  rising  when  working  over  the  lop 
edge,  these  nails  should  be  driven  in  only  half- 
way, so  that  they  can  be  easily  taken  out  again. 
Otherwise,  the  angles  could  not  be  properly 
shaved  afterwards. 

The  bottom  next  claims  our  attention.  1  ne 
piece  of  lead  should  be  cut  to  about  i-iOth 
larger  than  the  cistern,  when  measured  inside 
the  side  linings,  and  the  outside  margins  rasped 
down  to  "  feather  edges."  The  lead  should  be 
slightly  bellied  from  the  underside,  either  by  the 
flat  of  the  hand  or  by  dropping  it  onto  a  sack 
of  shavings.  On  then  placing  the  piece  of  lead 
in  the  cistern  case  and  pressing  down  the 
bellied  part  the  edges  will  be  forced  tight 
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against  the  sides.  Great  care  should  be  exercised 
when  doing  this,  as  the  solder  will  run  through 
when  wiping  the  angles  if  any  openings  aie  left. 
A,  in  Fig.  405,  shows  a  section  of  the  angle 
when  finished.  When  cisterns  of  a  large  size  are 
being  lined,  and  the  piece  of  lead  for  the  bottom 
is  so  heavy  that  it  cannot  be  easily  handled; 
or  if,  when  moving  it  about,  there  is  a  liability 
of  the  edges  being  damaged  if  prepared  before- 
hand, it  is  then  best  to  cut  the  lead  about  i  in. 
too  large  and  curl  the  edges  upwards.  The 
lead  being  then  placed  in  its  position  and  the 
edges  chased  into  the  angle  as  shown  by  the 
section  B  in  last  figure.  The  surplus  to  be  cut 
off  about  i  in.  above  the  bottom,  at  the  point  to 
which  the  arrow  directs. 

Alter  all  the  angles  have  been  properly  fitted 
they  should  be  soiled  about  4  in,  wide  on  the 
upright  and  6  in.  on  the  bottom,  the  margins 
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for  the  soiling  being  marked  with  a  chalk  line. 
A  pair  of  compasses  are  often  used  for  scribing 
aline  for  soiling  to,  but  the  points  cut  into  the 
lead  and  for  that  reason  the  chalked  lines  are 
best.  The  "soil  "  or  "smudge,"  as  it  is  some- 
times called,  should  be  freshly  made.  When 
old  it  is  not  so  good,  and  will  lub  off ;  in  which 
case  the  solder  will  sometimes  "tin"  to  the 
lead  in  an  awkward  manner.  For  the  sake  of 
the  uninitiated  I  may  here  describe  the  usual 
process  for  making  soil. 

The  ingredients  are  size  or  weak  glue,  lamp- 
black and  chalk.  About  equal  quantities  of  the 
two  latter  being  ground  up  together  until  there 
are  no  lumps  of  chalk  left.  A  little  melted  size 
should  then  be  worked  with  the  mixture  until 
the  whole  is  of  the  consistency  of,  and  as 
smooth  as,  cream.  A  little  water  should 
then  be  added  and  the  whole  warmed  up  in  the 
soil  pot,  but  on  no  account  should  the  soil  be 
boiled,  as  it  would  destroy  the  properties  of  the 
size.  A  small-size  glue  pot,  as  used  by  joiners, 
is  best  for  the  purpose.    The  quantity  of  the 


size  used  generally  depends  upon  the  quality. 
If  too  much  size  is  used  the  soil  will  peel  off  the 
lead  in  flakes  when  dry,  and  if  too  little  is  used 
the  soil  will  rub  off,  and,  in  addition  to  its  being 
no  protection  against  the  solder  tinning  to  the 
lead  where  not  wanted,  the  wiping  cloth  will 
get  very  dirty  and  thus  smear  the  soldering, 
making  it  look  black  and  unsightly.  The  soil 
is  put  on  with  a  fair  sized  painter's  sash  tool. 
One  that  has  been  halt  worn  out  answers  very 
well  for  the  purpose,  but  all  the  paint  must  have 
been  first  washed  out  of  it.  Some  plumbers 
will  add  a  teaspoon ful  of  brown  sugar  or  a 
small  quantity  of  porter  or  stout  to  the  soil,  but 
this  makes  it  sticky  and  the  solder  does  not 
slip  over  it  nicely. 

Before  applying  the  soil  the  lead  should  be 
well  chalked,  to  "  kill  the  grease,"  and  rubbed 
with  apiece  of  clean  rag,  carpet,  or  a  handful 
of  wood  shavings.  If  the  soil  is  applied  to  a 
greasy  surface  it  will  not  adhere  properly.  The 
soil  should  be  dried  after  it  is  put  on,  by  means 
of  heated  plumbers  irons,  and  the  practice  of 
burning  wood  shavings  should,  for  this  purpose, 
be  condemned.  Not  only  because  of  the 
smoke,  &c.,  being  unpleasant  to  the  plumber, 
especially  in  confined  situations,  but  there  is 
some  risk  of  a  fire  occuring  from  the  sparks  that 
escape. 

The  shaving  is  usually  done  with  a  shave- 
hook  which  is  half  worn  out  and  just  the  size  to 
shave  the  lead  angles  the  necessary  width. 
The  point  of  the  hook  should  not  be  too  sharp, 
or  it  will  cut  too  deep  into  the  lead  at  the  edge 
of  the  shaving;  and  make  it  thin  at  that  part. 
This  rule  should  be  strictly  adhered  to,  as  if 
the  solder  is  wiped  too  bare  at  the  edges  those 
parts  will  be  very  weak.  This  applies  more 
particularly  to  the  top  edges  of  the  bottom 
soldering.  Scores  of  cisterns  are  found  with 
the  side  lead  cracked  or  broken,  close  to  the 
bottom  soldering,  after  they  have  been  in  use 
for  a  few  years.  The  reasons  for  this  have  been 
given  before,  but  may  be  repeated,  and  the 
further  explanation  given  that  the  lead  sides  are 
partly  suspended  from  the  top  and  partly  sup- 
ported on  the  bottom  edges,  but  the  centre  por- 
tion rarely  has  any  fixing  at  all.  When  the 
cistern  is  full  of  water,  the  lead  is  pushed  out- 
wards against  the  sides,  but  on  being  emptied 
the  lead  bags  inwards.  This  motion  eventually 
causes  the  lead  to  break  at  the  positions  referred 
to,  and  hence  the  necessity  of  not  weakening 
them  by  reducing  the  substance  of  the  lead.  If 
a  piece  of  cardboard  is  creased,  and  then  bent 
backwards  and  forwards  on  the  creasing, 
it  will  soon  break  through,  and  the  lead  in  the 
positions  referred  to  above  is  often  broken  in 
the  same  manner.  When  the  lead  sides  have 
been  supported  by  means  of  "  soldered 
dots"  to  the  wooden  casing,  or  where  "stay- 
rods  "  have  been  used,  for  bracing  the  cistern 
sides  together,  and  the  ends  of  the  rod  pipes 
soldered  to  the  sides,  the  lead  is  frequently 
found  to  crack  round  the  edges  of  the  dots  or 


200  LECTURES 

soldered  joints  from  the  same  cause.  To  pre- 
vent the  bulging  of  the  lead  sides  I  have  prac- 
ticed as  follows  with  advantage. 

Place  a  piece  of  stout  board  upright  and 
edgeways  against  the  cistern  side,  in  the  posi- 
tion where  it  is  necessary  to  support  the  lead, 
and  firmly  fix  it  there  by  struts  or  any  other 
convenient  method,  but  no  nails  must  be  used 
or  driven  into  the  cistern  lead  for  this.  Nail  a 
strip  of  sheet  lead  on  the  board  with  the  edge 
of  the  lead  close  to  the  cistern  sides.  Then  soil, 
shave,  and  wipe  as  for  an  upright  angle.  The 
piece  of  lead  being  then  cut  off  close  to  the 
soldering,  and  the  piece  of  board  removed. 

No  nails  should  be  driven  into  the  angles  of  a 
cistern,  as  the  lead,  if  properly  fitted,  will  not 
require  any  further  fixing,  and  the  nail  heads 
will  sometimes  show  through  the  soldering  if 
wiped  too  bare.  If  nails  are  used  they  should 
first  be  warmed  so  as  to  ensure  their  being  free 
from  moisture.  Otherwise  steam  will  generate 
when  wiping,  and  leave  "blow-holes"  in  the 
soldering. 

It  is  impossible  to  describe  the  whole  of  the 
operations  gone  through  when  wiping  the 
angles  of  a  cistern,  and  a  man  could  no  more 
learn  how  to  do  it  from  a  written  description 
than  he  could  to  play  a  violin  by  reading  a  book 
on  music.  A  few  hmts  is  all  that  can  be  given 
on  the  subject. 

In  the  first  place,  the  solder  should  be  good, 
and  heated  until  the  back  of  the  hand  would  be 
scorched  if  held  over  a  ladleful  of  it,  but  on  no 
account  should  it  ever  be  heated  to  redness. 
For  putting  on  the  solder  a  "  splash  stick  "  is 
generally  used,,  although  a  great  many  plumbers 
use  a  "  pouring  stick."    This  is  made  out  of  a 
dry  piece  of  deal  or  other  soft  wood,  abrwt  6in. 
to  9  in.  long,  by  li  wide,  and  i  in.  thick,  with  a 
groove  cut  in  it  as  Fig.  406.    The  stick  is  held 
in  the  left  hand  and  the  other  hand  holds  a 
ladle,  full  of  the  heated  solder,  with  the  spout 
against  the  hollow  in  the  centre  of  the  stick. 
The  solder  is  poured  onto  the  stick,  which 
at  the  same  time  is  kept  in  constant  motion  so 
as  to  distribute  the  solder  over  the  parts  to  be 
joined.    This  should  be  done  quickly,  but  care 
should  be  taken  not  to  pour  continually  upon 
any  one  place,  which  would,  perhaps,  melt  the 
lead;  nor  pour  at  too  great  a  distance,  which 
would  chill  the  solder.    The  upright  angles  of 
the  cistern  should  be  soldered  first.    As  soon  as 
the  metal  has  been  splashed  or  poured  on,  the 
plumber  should  take  an  iron  heated  to  redness 
and  hold  it  in  the  solder,  drawing  it  slowly  up- 
wards, the  wiping  cloth  following  the  iron  so  as 
to  pull  or  push  the  solder  upwards  as  it  runs 
downwards  by  being  heated.    As  soon  as  the 
metal  is  in  such  a  condition  that  it  will  move  by 
pressing  the  cloth  against  it,  begin  wiping  from 
the  top  downwards,  first  wiping  the  part  that 
lays  on  the  top  edge  and  then  about  a  foot  in 
length  of  the  upright  portion.    This  should  be 
done  quickly  and  the  cloth  held  firmly,  so  that 
all  the  superfluous  solder  is  removed  and  the 
edges  left  clean  to  the  soiling.    If  the  first  wipe 
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does  not  do  this  the  cloth  to  be  passed  down 
again,  pressing  on  it  a  little  harder.  If,  after 
this,  the  margins  of  the  solder  are  ragged  and 
projecting  onto  the  soiled  part  of  the  lead,  it 
may  be  found  necessary  to  heat  and  push  all  the 
solder  back  again  and  repeat  the  operation.  If 
ragged  edges  are  left  they  look  unsightly,  unless 
they  are  trimmed  with  a  knife  afterwards,  and 
this  cannot  be  too  strongly  condemned  owing 
to  the  risk  of  the  lead  also  being  cut.  After  a 
portion  of  the  angles  has  been  wiped  the  next 
to  be  heated  and  finished,  and  so  on,  until  the 
bottom  is  reached,  when  an  old,  useless,  shave- 
hook  should  be  used  to  drag  away  the  spare 
solder  which  has  accumulated.  Some  men  can 
take  longer  "  wipes"  than  others,  but  they,  the 
wipes,  should  always  be  done  as  quickly  as 
possible,  and  the  second  portion  of  the  solder- 
ing should  be  done  before  the  last  has  set. 

If  the  solder  is  good  and  the  work  done 
quickly  it  will  look   clean  and  bright  when 
finished,  but  if  the  man  goes  about  it  in  a  half- 
hearted way  and  "loses  his  heat,"  the  solder, 
even  if  good,  will  look  dirty  owing  to  efforts 
being  made  to  wipe  it  after  it  has  partially  set. 
Stress  has  been  laid  on  the  importance  of  leav- 
ing the  edges  of  the  soldering  true  and  straight, 
but  in  trying  to  do  this  too  much  pressure  must 
not  be  applied  to  the  cloth,  which  would  take 
off  too  much  solder  and  leave  the  edges  bare. 
It  should  be  a  fixed  rule  for  all  kinds  of  solder- 
ing that  the  parts  of  the  lead  which  are  reduced 
in     thickness     when     shaving     should  be 
strengthened  by  leaving  them  entirely  covered 
with  solder.    C  and  D,  Fig.  405.  show  this 
clearly;  C  being  as  it  should  be,  and  D  the  re- 
verse.   When  wiping  the  angle  it  will  be  found 
that  the  lead  will  keep  expanding,  and  bulging 
outwards,  when  a  longer  time  than  is  necessary 
is  expended  on  the  operation.     The  bulged 
parts  of  the  lead  should  be  gently  pressed  back 
by  means  of  a  small  straight  piece  of  wood,  but 
this  should  be  done  before  wiping.    If  done 
afterwards  the  soldering  will  crack  down  the 
centre  and  the  cistern  leak  when  filled  with 
water.     If  an  eff"ort  is  made  to  push  the  lead 
by  means  of  the  wiping  cloth,  the  lead  being 
very  soft  when  heated,  will  result  in  some  parts 
bein"  more  prominent  than    others,   when  it 
becomes  more  difficult  to  make  a  true  seam, 
and  it  becomes  impossible  to  wipe  the  edges 
clean;  some  parts  having  no  solder  on  them 
and  others  too  much. 

The  cloth  for  cistern  wiping  should  be  about 
3  in.  by  3  in.  for  bold  soldering,  but  for  small 
c'rsterns,  "when  shaved  about  i  in.  to  I  in.  each 
way,  half  an  inch  narrower  works  very  well 
The  cloth  should  be  of  a  good  thickness,  so  that 
the  heat  does  not  pass  through  to  the  hand,  and 
also  so  that  the  centre  finger  only  is  necessary 
for  pressing  it  into  the  angle.  By  having  the 
cloth  a  good  size  the  spare  solder  is  pushed 
away  as  the  wiping  is  done,  and  not  only  are 
the  edges  made  clean,  but  there  is  less  risk  of 
the  little  finger  of  the  wiping  hand  bcmg  burnt 
by  the  solder  that  will  often  cling  to  the  soihng 
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To  prevent  this  latter  a  little  touch  rubbed  on 
the  soiled  parts  is  an  advantage. 

A  common  mistake  made  by  young  plumbers 
is  to  drench  their  cloths  with  grease  and  leave 
them  lying  about  amongst  dust,  &c.,  until  they 
are  in  such  a  dirty  condition  that  it  is  impos- 
sible to  malce  their  soldering  look  clean  and 
smart  with  them.  A  little  grease  on  the  wiping 
surface  is  all  that  is  necessary.  When  working 
as  a  journeyman  I  frequently  unfolded  my 
cloths  and  boiled  them  in  soda  and  water  in  an 
empty  solder  pot  to  clean  them.  When  not 
in  use  they  were  always  carefully  put  away  in  a 
small  size  bag,  made  of  carpet,  to  keep  them 
clean.  Amongst  other  disadvantages  of  having 
too  much  grease  are,  that  it  gets  almost  to  boil- 
ing point  when  using,  which  makes  the  cloths 
painful  to  hold,  added  to  an  injurious  effect  on 
the  muscles  in  the  palm  of  the  hand.  With  too 
much  grease  in  it  the  cloth  is  rendered  very 
hard  and  stubborn,  so  that  some  time  has 
always  to  be  spent  in  warming  it  to  make  it 
pliable  and  bend  easily  to  the  shape  of  the 
soldering,  either  on  a  joint  or  in  an  angle.  I 
find  it  very  difficult  to  make  student  plumbers 
understand  the  folly  of  not  keeping  their  wiping 
cloths  clean  and  in  workable  condition,  and  also 
get  them  out  of  the  slovenly  habit  of,  when 
making  a  joint  especially,  constantly  drawing 
the  hot  greasy  cloth  over  the  seat  of  their 
trousersj  or  some  other  portion  of  their  dress, 
until  it  is  so  covered  with  fat  that  the  material 
of  which  it  is  made  cannot  be  seen. 

To  get  back  to  our  cistern  wiping;  after  the 
upright  angles  have  been  done  the  bottom 
soldering  comes  next.  With  some  plumbers  it 
is  usual,  before  commencing  this,  to  put  strips 
of  pasted  brown  paper  on  the  soldering  in  the 
upright  angles  for  a  few  inches  above  the  bot- 
tom ends,  but  an  inch  or  two  above  the  cistern 
bottom,  so  that  when  wiping  round  the  latter 
there  is  less  difficulty  in  getting  past  the  corner. 
To  ensure  the  bottom  soldering  alloying  with 
the  end  of  that  in  the  angles,  which  has  set  and 
is  cold,  it  is  necessary  that  the  heat  shall  be 
sufficient  to  render  the  whole  into  a  plastic  con- 
dition, so  that  after  the  wiping  is  done  the  join 
can  scarcely  be  seen.  Instead  of  using  the 
pasted  paper,  which  will  often  come  off  during 
the  operation  of  wiping,  some  men  will  rub 
chalk  over  the  angle  soldering  to  prevent  any 
of  that  on  the  bottom  tinning  to  it  too  high  up, 
which  sometimes  necessitates  a  considerable 
portion  of  it  being  re-wiped.  Pasted  paper  and 
chalk  both  make  dirty,  unsightly  marks  on  the 
solder,  and  for  this  reason  a  skilled  workman, 
who  takes  a  pride  in  his  work,  will  succeed  in 
getting  past  this  portion  of  the  bottom  without 
using  either  on  the  upright  parts.  But  it  is 
scarcely  safe  for  a  younger  man  to  attempt 
this,  or  he  will  find  himself  in  a  fix.  A 
beginner  should  use  the  pasted  paper  until  he 
gets  to  be  very  expert  with  the  metal. 

A  few  remarks  on  using  the  pluinber's  iron 
would,  perhaps,  here  be  of  advantage.  For 
cistern  wiping  they  should  be  ol  a  good  size,  so 


as  to  carry  as  much  heat  as  possible,  but  not 
too  large,  or  they  will,  when  being  used,  scratch 
the  soiling  near  *he  edge  of  the  shaving.  The 
solder  will  often  "tin"  to  these  scratched 
places.  The  bulbs  of  the  irons  should  always 
be  kept  filed  smooth.  This  is  always  the 
younger  apprentice's  or  assistant's  work,  and 
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his  industry  can  always  be  judged  by  the  way 
he  keeps  his  irons.  One  who  is  careless  will 
put  the  irons  in  the  fire  and  leave  them  there, 
without  attention,  until  they  get  so  heated  that 
the  outer  surfaces  will  scale  oft  leading  inden- 
tions like  pock-marks.  When  the  surface  of 
the  iron  is  very  rough  it  does  not  heat  the 
solder  so  readily  as  when  quite  smooth.  When 
the  apprentice  is  found  to  be  very  careless  in 
this  matter  it  is  a  good  plan  to  give  him  a 
drilling  by  refusing  to  use  an  iron  that  is  not 
kept  in  proper  order  and  insist  upon  him  filing 
it  smooth.  He  finds  this  a  tiresome  job,  and 
leads  him  to  pay  more  attention  to  its  heating. 
Irons  cost  money,  and  it  is  a  mistake  to  leave 
them  in  the  fire  until  the  bulbs  are  almost  burnt 
away.  A  plumber  can  do  more  wiping  in  a 
cistern  with  one  clean  iron  than  with  two,  hav- 
ing rough  surfaces.  He  can  also  make  smarter 
looking  work.  Irons  should  never.be  heated 
above  a  bright  red.  If  too  hot  they  burn 
the  solder,  which  will  stick  to  the  iron  as  dross, 
thus  wasting  it  and  making  the  soldering  look 
dirty.  The  dross  will  also  mix  with  the  solder 
when  wiping,  and  under  certain  conditions  lead 
to  a  leakage  of  the  cistern. 

When  a  cistern  bottom  is  being  wiped, 
especially  in  the  case  of  a  small  sized  one,  the 
plumber  should  move  about,  if  he  is  inside  it, 
with  great  care,  and  avoid  all  sudden  or  jerky 
motions  which  would,  perhaps,  crack  the  solder- 
ing before  it  was  thoroughly  set.  It  is  also  a 
good  plan  to  kneel  on  a  piece  of  clean  dry 
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board.  This  saves  the  knees  from  being  burnt 
by  any  spare  solder  and  helps  to  keep  the  lend 
from  rising  by  the  expansion,  which  invariably 
takes  place  when  soldering.  If  the  workman 
has  nails  in  his  boots,  or  steel  points  or  brads, 
which  are  worse  than  nails,  he  should  always 
stand  on  boards  when  working  inside  a  cistern 
and  thus  avoid  cutting  or  otherwise  injuring  the 
lead  bottom.  I  have  known  men  who  would 
wear  slippers  when  working  inside  a  cistern 
or  when  laying  lead  in  gutters  or  on  flat  roofs, 
and  who  looked  upon  a  scratch  or  tool  mark  on 
the  lead  as  almost  amounting  to  a  crime. 

There  are  several  ways  for  lining  small  size 
cisterns,  such  as  by  using  one  piece  of  lead  only, 
the  four  corners  being  cut  out  as  shown  by  Fig. 
407.  The  dotted  lines  show  margins  left  for 
creasing,  and  which  form  the  undercloaks,  that 
is,  when  the  lead  is  folded  up  these  edges  fold 
outside  the  other  side. 

Cisterns  lined  in  this  manner  would  be  stood 
on  the  ends  E  and  F  when  being  soldered,  and 
thus  prevent  any  solder  getting  underneath  the 
lead,  which  would  perhaps  occur  if  the  margins 
were  laid  flat  instead  of  upright.  Angle  pieces 
should  be  left  at  all  corners  for  reasons  that 
have  been  before  given.     In  this  case  it  is 
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assumed  that  the  cistern  can  be  lined  before 
being  fixed. 

Another  way  for  lining  a  small  cistern  is  to 
cut  the  bottom  and  sides  out  of  one  piece  of 
lead  and  the  two  ends  separately.  A  cistern 
thus  lined  should  have  the  ends  put  in  first,  they 
each  being  cut  as  Fig.  408,  and  creased  on  the 
dotted  lines.  The  bottom  and  sides  would 
appear  as  Fig.  409,  when  folded  ready  for 
dropping  into  the  cistern  case,  the  bellying  in 
the  bottom  and  sides  to  be  pressed  down  and 
back  after  being  placed  in  its  position. 
Cisterns  thus  lined  can  have  the  lead  soiled 
and  shaved  before  placing  it  in  the  deal  case. 
But  this  should  not  be  done  if  some  time  is  to 
elapse  before  the  soldering  is  executed. 
Neither  should  any  touch  be  rubbed  on  the 
shaved  edges  until  the  lead  is  fixed  ready  for 
soldering.  No  nails  should  be  driven  into  any 
of  the  angles,  and  those  in  the  top  edge  should 
be  of  copper  in  preference  to  iron. 

In  these  few  remarks  we  have  dealt  with  most 
of  the  leading  points  with  regard  to  lining 
cisterns,  and  1  do  not  think  it  necessary  to  pro- 
ceed any  further  with  this  branch  of  our  sub- 
ject. Rising  mains  and  service  pipes  will  next 
have  our  attention. 
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WE  will  deal  with  rising  pipes   first  and 
assume  that  the  water  is  supplied  from  a 
main  in  connection  with  a  waterworks  or  reser- 
voir.   In  country  mansions  we  sometimes  find 
several  branch  pipes,  from  amain  running  round 
the  houses,  supplying  the  cisterns  in  their  various 
positions,  but  in  town  houses  it  is  usual  to  fix 
only  one  pipe.    In  London,  within  the  writer's 
recollection,  tor  large  houses  two  mains  were 
fixed,  one  being  called  the  "high  pressure"  and 
the  other  the  "  low  pressure."     The  latter  sup- 
plying the  basement  and  ground  floor  cisterns 
and  the  former  all  those  above  the  ground  floor 
level.     But  this  practice  is  now  abandoned  by 
most,  if  not  all,  of  the  companies  who  supply 
the  water,  owing  to  improvements  they  have 
made  in  their  pumping  arrangements.  The 
sizes  of  the  house  mains  used  to  be,  in  lofty 
houses,  1 4  in.  or  2  in.  for  high  service,  and  1  in. 
or  li  in.  for  low  service,  but  in  later  years  these 
sizes  have  been  considerably  reduced.  Other 
improvements  that  have  been  made  in  some 
paits,  and  in  progress  in  others,  of  London,  is 
the  substitution  of  a  "constant"  for  an  "inter- 
mittent" supply.    In  the  former  case  the  cis- 
terns fill  again  immediately  any  water  is  drawn 
out,  and  in  the  latter  they  arc  filled  up  once  each 
day,  the  water  being  turned  on  in  the  main  for 


a  short  time  for  that  purpose.  For  ordinary 
sized  houses,  with  a  constant  supply,  i  in.  and 
I  in.  pipes  are  now  generally  used,  but  in  some 
cases,  where  the  houses  are  very  lofty,  and  the 
top  cisterns  are  nearly  level  with  the  reservoir, 
or  source  of  supply,  it  is  advisable  to  use  pipes 
of  a  larger  size.  It  is  found  in  practice  that  at 
cr/rtain  times  of  the  day  so  much  water  is  being 
i?sed  that  the  lower  cistern  ball  valves  are 
nearly  always  running;  this  so  reduces  the  pres- 
sure in  the  main  that  the  water  will  not  rise  to 
the  higher  levels.  When  little  or  no  water  is 
bning  used,  during  the  night  time  for  instance, 
and  the  lower  ball  valves  are  closed,  the  pres- 
is  often  found  to  be  sufficient  to  fill  the  upper 
cisterns,  but  the  pipe  should  be  of  a  good 
size  to  ensure  their  filling  as  quickly  as  possible 
in  case  the  pressure  should  be  reduced  by  any 
cause,  such  as  when  a  plug  is.opened  to  supply 
a  fire  engine. 

The  advantages  of  a  constant  supply  are  that 
the  cisterns  need  not  be  of  a  large  size;  that 
fresh  water  is  always  available  in  preference  to 
that  which  has  been  stored  until  it  had  become 
so  siagnant  as  to  be  unfit  for  using;  and  in 
some  cases  where  cisterns  may  be  said  to  be 
unnecessary  the  water  being  drawn  directly 
from  the  street  main.    In  an  earlier  lecture 
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reasons  were  given  for  having  a  cistern  or  cis- 
terns in  all  cases,  owing  to  the  liabity  of  a 
breakdown,  or  the  water  being  turned  off  at  the 
street  main  for  any  repairs  that  may  be  neces- 
sary to  the  pipes  or  fittings. 

Lead  pipes  are  generally  used  for  rising 
mams.  Most  of  the  water  companies  insist 
upon  this,  but  iron  and  galvanised  iron  are 
sometimes  used.  Where  the  water  does  not 
attack  the  lead  to  any  great  extent  lead  is  the 
best  material  for  the  purpose.  More  water  will 
pass  through  a  lead  pipe  than  through  either  of 
the  other  kinds  in  a  given  time,  assuming  that 
all  other  conditions  are  equal.  This  is  owing  to 
its  smoothness  inside  and,  when  properly  fixed, 
the  absence  of  any  sharp  elbows  or  bends  or 
arrises  at  the  joints.  An  iron  pipe  will  so  rust 
inside  that  the  water  way  is  considerably  re- 
duced. The  roughness  of  the  rusted  inside  sur- 
face will  also  retard  the  velocity  of  the  water, 
the  friction  being  so  great  as  to  reduce  the 
quantity  of  water  delivered- by  perhaps  50  per 
cent,  when  compared  with  a  new  pipe,  or  one  of 
lead.  Iron  pipes,  protected  by  galvanising,  are 
always  rough  inside,  and  the  zinc  coating  only 
lasts  for  a  time.  Lead  has  also  the  advantage 
that  it  can  easily  be  fixed  and  will  resist  the 
action  of  moisture  on  the  outside  when  buried 
in  the  ground,  whereas  iron  will  rust,  unless 
protected  by  being  covered  with  pitch  or  other 
suitable  material.  Lead  services  when  laid 
underground  should  never  have  any  lime  near 
them,  which  will  reduce  them  to  a  carbonic 
di-oxide  of  lead.  Old  mortar  will  be  found  quite 
as  destructive  as  lime.  Ordinary  earth  does  not 
act  on  lead,  and  pipes  laid  in  yellow  clay  have 
been  found  nearly  as  good  as  new,  as  seen  on 
the  outside,  after  having  been  buried  perhaps  a 
hundred  years  or  more.  The  writer,  a  few 
years  ago,  took  up  some  hundreds  of  yards  of 
4  in.,  5  in.,  and  6  in.  lead  main  that  had  been  in 
use  quite  the  above  time.  Some  portions, 
which  had  been  enveloped  in  clay,  were  found 
to  be  in  very  good  condition,  but  other  portions 
were  very  much  corroded,  especially  where 
found  near  old  buried  walls  and  foundations  of 
buildings  which  had  disappeared  years  ago  in 
an  historical  part  of  London.  Fig.  410  is  a 
a  seciion  of  this  old  pipe.    The  seam  was 


"ladle  burnt,"  and  this  proves  to  us  that  the 
ordinary  way  of  burning  up  pump  barrels,  as 
still  practiced  in  some  parts  of  the  country,  has 
been  handed  down  to  us  from  our  forefathers, 
and  that  in  some  things  we  have  not  made 
much  progress  in  the  trade  of  plumbing. 

We  will  now  follow  the  service  from  the 
street  to  the  cisterns,  and  begin  at  the  connec- 


tion with  the  street  main  pipe.  This  pipe  is 
now  almost  invariably  made  of  cast  iron,  in 
some  cases  coated  with  what  is  commonly 
known  as  Dr.  Angus  Smith's  solution  to  keep  it 
from  rusting.  Some  water  companies  coat  these 
pipes  inside  with  a  wash  made  of  freshly  slaked 
lime  before  laying  them,  but  others  use  them  as 
they  come  from  the  foundry.  Such  pipes  rust 
inside  to  a  considerable  extent.  Some  of  the 
rust  will  at  times  pass  from  the  main  into  the 
house  branches,  and  this  is  a  frequent  cause  of 
the  "stop  "  and  "  ball  valves  "  leaking.  Refer- 
ence was  made,  in  an  earlier  lecture  to  iron  rust 
being  found  in  cistern  bottoms,  and  the  corro- 
sive action  that  follows  with  the  metals  of  which 
the  cisterns  are  made. 

There  are  various  methods  for  connecting  the 
branches  to  the  main  service.  Some  of  these, 
such  as  by  "  Coberg's,"  "  driving  ferrules,"  &c., 
although  common  enough  some  years  ago  are 
now  obsolete,  so  we  need  not  waste  any  space 
in  describing  them.  Neither  need  we  stay  to 
describe  all  the  modern  fittings  used.  Those 
that  are  in  most  constant  use  will  be  sufficient 
for  our  purpose. 

A,  Fig.  411,  is  what  is  known  as  an  "elbow- 
screw  ferrule,"  but  this  kind  is  never  used,  ex- 


cepting for  very  cheap  work.  The  objection  to 
it  is  tlie  disadvantage  of  having  to  make  the 
soldered  joint  after  the  ferrule  has  been  fixed, 
which  must  be  done  owing  to  the  difficulty  of 
screwing  it  into  the  iron  main  after  it  has  been 
soldered  to  the  lead  pipe.  Some  plumbers  will 
solder  a  short  piece  of  lead  pipe  to  the  ferrule, 
but  as  this  necessitates  two  joints  being  made, 
instead  of  one,  time  and  material  are  both 
wasted.  More  time  is  also  taken  in  making  the 
connection  to  the  main  and  one  of  the  joints  has 
of  necessity  to  be  made  in  the  trench  in  which 
the  pipe  is  laid.  B,  in  the  figure,  is  an  "elbow- 
screw  ferrule  with  union."  This  can  be  soldered 
onto  the  end  of  a  coil  of  pipe  in  the  workshop 
and  afterwards  taken  to  its  position  and  unrolled 
in  the  trench  which  has  been  prepared  for  it. 
One  half  of  the  ferrule  having  been  fixed  to  the 
iron  main  and  the  union,  which  has  been 
soldered  on  the  end  of  the  lead  pipe,  having 
been  screwed  on  to  it,  the  job  is  completed  so 
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far  as  making  the  connection  goes.  C  is  a 
"straight  screwed  ferrule  with  union."  This  is 
generally  used  when  the  iron  main  is  under  a 
road  and  is  not  very  deep  beneath  the  surface. 
When  this  ferrule  is  used  the  lead  pipe  should 
be  laid  zig-zag  for  a  short  distance  to  avoid  any 
strain  on  the  connection,  which  would  be  the 
case  if  the  pipe  were  laid  perfectly  straight. 
This  ferrule  has  also  an  advantage  in  that,  the 
lead  pipe  can,  generally  speaking,  be  laid  with 
a  fall  to  the  iron  main,  so  that  all  water  will 
drain  out  when  the  main  is  shut  off.  In  nearly 
all  cases  with  the  elbow  ferrule,  the  pipe  is  bent 
down,  as  shown  at  B  in  the  figure,  so  that  it  is 
impossible  for  all  the  water  to  drain  out. 

Fig.  412  is  a  ferrule  for  joining  a  lead  service 
pipe  to  an  iron  main  without  any  soldering.  A 
brass  cap  and  lining  is  slipped  over  he  end  of 
the  lead  pipe,  which  is  then  opened  by  means 
of  a  "tan-pin,"    This  is  then  screwed  onto  the 
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ferrule  which  has  been  connected  to  the  main 
ready  to  receive  it.  This  means  for  connecting 
is  sometimes  found  to  be  very  useful  where  it  is 
not  convenient  to  have  a  fire  to  heat  solder  for 
making  a  joint.  But,  generally  speaking,  I  pre- 
fer the  ferrule  B  or  C,  Fig.  411,  and  consider 
the  wiped  soldered  joint  much  the  best. 

Fig.  413  is  a  ferrule  with  a  valve  attached  to 
it.  In  some  cases  it  is  desired  to  disconnect  the 
service  pipe  from  the  main,  or  repairs  may  be 
necessary  and  the  use  of  this  valve  saves 
the  trouble  of  shutting  off  and  emptying  the 
main.  Where  the  water  supply  is  constant  and 
houses  are  supplied  direct  from  the  main,  it  is 
very  inconvenient  for  the  water  to  a  whole  street 
or  district  to  be  cut  off  during  the  time  a  service 
pipe  is  being  repaired.  In  such  cases  this  valve 
is  of  great  advantage.  The  valve  is  protected 
by  means  of  a  cast  iron  cover,  as  shown  by 
dotted  lines. 

If  any  bends  are  made  in  a  service  they 
should  always  be  laid  horizontally.  When  they 
are  made  up  and  down  air  will  get  into  the 
higher  parts,  the  pipe  will  then  be  what  is  called 
"air  bound,"  and,  under  certain  conditions,  no 
water  at  all  will  pass  through.  For  the  same 
reason  the  bottom  'of  the  pipe  trench  should 
always  be  carefully  trimmed  so  that  there  are  no 
bumps  or  hollows.  When  services  are  laid  be- 
neath newly  made  roads,  over  which  there  is  a 
great  deal  of  traffic,  the  pipes  will  frequently 
break  through  from  the  vibration  that  takes 
place.  The  fractures  will  nearly  always  be 
found  where  the  pipe  enters  the  building.  It 
was  a  long  time  before  the  writer  could  account 
for  this,  and  the  first  examples  that  came  under 
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his  notice  he  attributed  to  the  presence  of  some 
dross  in  the  lead,  of  which  the  pipe  was  made. 
But  when  he  found  the  same  thing  occur  at 
exactly  the  same  position  in  nearly  every  house 
on  the  side  of  a  London  square  he  came  to  the 
conclusion  that  the  evil  resulted  from  the  lead 
service  pipe  being  built  in  the  cellar  wall.  This 
held  a  portion  of  the  pipe  quite  rigid,  but  that 
beyond  and  under  the  street  was  in  a  constant 
state  of  quivering  caused  by  the  traffic  over  it. 
This  was  doubtless  the  cause  of  the  pipe  break- 
ing asunder.  The  fractured  ends  were  at  right 
angles  to  the  pipe,  and  were  as  clean  as  if  they 
had  been  cut  with  a  fine  toothed  saw.  The 
above  conclusion  was  fortified  by  the  fact  that, 
in  a  few  cases,  the  bricklayer  had  not  made  good 
the  holes  in  the  walls  through  which  the  pipes 
passed,  and  in  these  cases  there  were  no  frac- 
tures in  the  pipes.  This  experience  tends  to 
show  that,  under  the  conditions  stated,  the  ser- 
vice pipe  under  the  street  should  not  have  any 
portion  fixed  too  tightly,  and  neither  should  it 
be  laid  perfectly  straight.  It  being  an  advan- 
tage to  have  bends  or  a  little  "  slack,"  as  it  is 


sometimes  called,  to  allow  for  any  movement,  or 
it  may  be  a  settlement,  of  the  ground  which 
surrounds  the  pipe. 

Where  the  pipe  passes  through  an  outside 
wall,  in  a  great  many  cases  this  is  the  wall  of 
the  vault  under  the  side  pavement,  a  piece  of 
drain  pipe  should  be  built  in  for  the  lead  pipe 
to  pass  through.  This  will,  if  properly 
arranged,  prevent  the  evil  above  referred  to,  and 
will  also  prevent  any  contact  between  the 
mortar  in  the  wall  and  the  lead  pipe,  which 
would  set  up  a  corrosive  action. 

In  most  cases  it  will  be  found  necessary  to 
puddle  with  clay  the  annular  space  between  the 
pipes  to  prevent  any  rain  water  which  would 
filter  though  the  ground  into  the  pipe  trench 
and,  following  the  course  it  took,  run  through 
the  hole  in  the  wall  into  the  vault  or  building. 
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All  pipes  laid  outside  a  house  should  be  so  far 
beneath  the  surface  that  frost  will  not  penetrate 
to  them.  Two  feet  six  inches  is  generally  con- 
sidered the  necessary  depth,  but  pipes  should 
never  be  less  than  2  ft.  deep  if  in  hard,  and  3  ft. 
in  soft,  ground.  i  am  given  to  understand  that 
in  some  parts  of  America  it  is  necessary  to  have 
water  pipes  5  ft.  to  be  beyond  the  reach  of  the 
severe  frosts  that  take  place  there.  With  some 
water  companies  or  corporations  it  is  the  rule  to 
fix  a  stop  cock  in  the  pavement,  or  other  suit- 
able position  outside  the  house.  A  cock  box 
being  fixed  over  for  giving  access  for  shutting 
off  the  cock,  a  long  socket  or  Tee-key  being 
used  for  that  purpose.  To  prevent  the  earth 
falling  in  and  smothering  up  the  cock  a  small 
brick  chamber  is  sometimes  built.  When  this 
is  done  the  bottom  of  the  chamber,  and  a 
course  or  two  of  the  brickwork  above  the 
bottom,  should  be  laid  dry,  that  is,  without  any 
mortar  or  cement.  This  will  allow  any  water, 
from  rain  or  other  cause,  that  may  get  into  the 
chamber  to  soak  away  into  the  ground.  The 
omission  of  this  preciution  will  sometimes 
render  the  stop  cock  useless,  as,  during  a  frost, 
this  water  will  freeze,  when  it  will  be  found 
almost  impossible  to  thaw  it,  and  lead  to  the 
necessity  of  taking  up  the  pavement  '  and 
digging  down  to  the  cock  for  thawing  it  prior  to 
closing  it.  Sometimes  the  brick  eyes  round  the 
stop  cocks  are  packed  with  dung  or  stable  litter 
to  prevent  frost  reaching  them.  Dung  may  be 
good,  but  for  obvious  reasons  hay  or  straw 
commends  itself  as  being  more  suitable  from  a 
sanitary  point  of  view. 

The  cock  in  the  street  is  generally  under  the 
control  of  the  waterworks  official,  but  it  is 
always  advisable  to  have  a  second  one  inside 
the  house  easily  accessible  by  the  occupiers. 
This  cock  should  be  fixed  as  near  the  point  of 
entry  as  possible,  so  that  the  whole  of  the  pipe 
inside  the  house  is  controlled  by  it.  In  some 
houses  a  branch  from  the  main  is  taken  to  a 
cistern  in  the  vault  under  the  pavement,  and  in 
most  cases  this  branch  is  at  such  a  low  level 
that  all  water  in  the  main  can  be  drained  out  of 
it.  Where  this  is  not  the  case  it  is  advisable  to 
fix  a  small  bib  cock  or  valve,  especially  tor 
emptying  tne  house  main  when  the  stop  cock  is 
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closed.  Where  pipes  are  so  exposed  that  the 
water  in  them  is  liable  to  be  frozen  it  is  useless 
to  shut  off  the  stop  cock  unless  the  whole  of  the 
water  can  be  drawn  off.  For  this  reason  the 
emptying  cock  is  of  quite  as  much  importance 
as  the  stop  cock.  The  omission  of  the  former 
cock  often  gives  the  plumber  extra  trouble 
when  necessary  to  make  any  repairs  to  the 
main  service  pipe,  he  having  to  make  a  hole 


with  a  nail  or  bradawl,  and  catch  the  escaping 
water  in  a  pail,  to  empty  the  pipe  before  he  can 
make  the  repairs. 

The  service  pipe  from  the  cocks  should  be 
laid  with  an  inclination,  so  that  all  the  water 
can  be  drained  out  of  it,  and  if  the  pipe  has  to 
cross  an  area  or  open  space  it  should  be  en- 
cased and  packed  with  some  non  conductmg 
material  to  prevent  injury  or  being  frozen. 
Horizontal  service  pipes  are  usually  fixed  on 
"wall"  or  "pipe"  hooks.  The  wall  hooks  are 
best  tor  this  purpose,  as  the  narrow  stems  of 
the  pipe  hooks  cut  into  the  lead.  Neither  of 
these  fixings  can  be  considered  as  quite  satis- 
factory, as  the  pipe  will  sag  down  between  them, 
as  shown  by  Fig.  414,  when  fixed  horizontally. 
The  better  plan  is  to  fix  a  wooden  fillet  on  the 
wall  and  lay  the  pipe  on  it,  as  shown  by  Fig. 
415.  A  section  is  also  given  showing  the  fillet 
hollowed  on  the  top  to  prevent  the  pipe 
slipping  off. 

When  wall  hooks  are  used  for  fixing  vertical 
service  pipes  they  have  to  be  driven  in  so  tight 
as  to  bruise  the  pipe,  and  thus  contract  its 
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waterway.  Another  evil  sometimes  crops  up 
by  the  sharp  edge  of  the  head  of  the  wall  hook 
cutting  into  the  pipe,  or  slicing  off  a  piece,  as 
shown  at  D,  Fig.  416.  Some  first  class 
plumbers  will  solder  tacks  or  lugs  on  to  the 
pipe  and  drive  pipe  nails  through  them  into  the 
wall.    Others  will  solder  lead  flanges  or  collars 
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jn  to  the  pipes  and  drive  in  special  made  hooks 
beneath  and  close  to  the  flanges.  Both  these 
methods  are  good,  as  the  pipes  are  not  injured 
in  any  way.  Some  architects  have  all  vertical 
service  pipes  fixed  as  shown  by  Fig.  417.  It  will 
be  noticed  that  the  pipe  is  fixed  clear  of  the  wall, 
so  that  it  is  accessible  all  round.  The  bracket 
E  is  cut  and  pinned  into  the  wall,  and  the  clip 
F  is  in  two  halves,  which  are  held  together  by 
the  bolts  G.    H  is  a  narrow  lead  flan'-e  soldered 
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onto  the  pipe  to  prevent  it  slipping  down.  By 
some  this  may  be  considered  rather  expensive, 
but  those  who  are  far  seeing  will  appreciate  its 
value  and  anticipate  a  saving  in  any  future  cost 
for  repairs  or  renewals. 

The  positions  of  service  pipes  should  always 
be  well  considered.  The  noise  made  by  water 
running  through  pipes  is  a  frequent  cause  of 
complaint.  This  noise  is  not  generated  so 
much  in  the  pipes  themselves  as  in  the  stop  and 
ball  cocks.  This  we  shall  refer  to  again  pre- 
sently. But  in  whatever  part  of  the  service 
the  sound  has  its  origin  the  pipe  acts  as  a 
kind  of  telephone,  so  that  for  this  reason  no 
pipes  should  ever  be  fixed  in  or  near  living  or 
sleeping  rooms,  or  other  places  where  the  sound 
is  objectionable. 

Amongst  other  reasons  for  not  fixing  pipes  in 
the  above  named  places  are,  that  under  certain 
conditions  of  the  atmosphere  a  great  deal  of 
moisture  will  condense  on  the  services  and  run 
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down  the  walls  or  drip  onto  the  floors.  A  great 
many  people  call  this  "sweating,"  and  are 
under  the  impression  that  the  pipes  are  so 
porous  that  the  water  is  oozing  through  them. 
Cases  have  occurred  where  the  plumber  has 
been  sent  for  to  repair  the  pipes  when  the  above 
action  has  lead  people  to  think  that  they  were 
leaking.  The  only  remedy  for  this  is  to  encase 
the  pipe  with  some  non-conducting  matter. 
There  are  suitable  materials  made  for  this  pur- 
pose and  also  for  preventing  the  radiation  of 
heat  from  hot  water  pipes.  Such  materials  can 
be  found  advertised  in  any  journal  connected 
with  the  trade.  Even  if  three  or  four  thick- 
nesses of  brown  paper  are  pasted  onto  the  pipes 
the  above  action  is  arrested.  But  whether  en- 
cased or  not,  the  pipes  should  not  be  fixed  m 
any  place  where  moisture  from  them  would  be 
a  nuisance.  .  . 

A  further  reason  for  selecting  the  positions  tor 
pipes,  is  that,  despite  all  pains  and  care  that 
may  be  taken  with  them,  there  is  always  a 
liability  of  a  breakdown.  Even  a  hole  the  size 
of  a  pin  in  a  pipe  will  allow  sufficient  water  to 
escape  to  do  a  great  deal  of  damage  to  furniture, 
ceilings,  and  other  parts  of  a  house. 

To  prevent  the  condensation  referred  to 
above,  the  pipes  are  sometimes  embedded  in 
the  waits,  or  perhaps,  fixed  on  ihe  brickwork 
and  then  covered  with  the  plastering.  This 
should  never  be  done  as  there  is  always  a  risk 
of  some  one,  who  did  not  know  of  the  presence 
of  the  pipes,  driving  a  nail  into  them.  The 


writer  knew  of  a  case  where  a  row  of  nails,  for 
hanging  pictures  on,  were  driven  through  a 
leaden  service  pipe  so  embedded  in  a  wall. 
Other  examples  come  to  memory  but  a  great 
many  readers  doubtless  have  had  similar  ex- 
periences so  we  need  not  refer  to  anymore. 

The  evil  effects  of  exposing  water  pipes  to  the 
action  of  frost  have  already  been  referred  to,  arid 
it  is  assumed  that  any  thinking  reader  will 
know,  from  what  has  been  said,  what  precautions 
to  take  to  prevent  the  pipes  being  injured,  or 
the  water  supply  interrupted  by  such  action 
which  can  always  be  anticipated. 

We  can  now  go  back  over  our  subject  and 
deal  with  the  strength  of  the  pipes  used  for 
rising  mains  to  cisterns,  also  with  a  few 
examples  of  ball  and  stop  cocks,  &c. 

On  referring  back  to  previous  lectures,  I  find 
that  the  thickness  and  weights  of  lead  pipes, 
and  the  pressure  at  which  lead  and  lead 
encased  tin  pipes  burst,  have  been  fully  dealt 
with.  A  good  deal  was  also  said  on  wiped 
joints  to  lead  pipes,  but  a  few  additional 
remarks  on  this  subject  can  be  made  with 
advantage.  One  of  the  first  points  to  be  dealt 
with  refers  to  the  joints  between  the  pipes  and 
pieces  of  brasswork.  The  latter  are  generally 
made  so  short  that  the  joints  cannot  be  properly 
made,  by  reason  of  the  thickest  part  not  being 
where  the  most  strength  is  wanted.  Fig.  418, 
which  is  shown  partly  in  section  and  partly 
in  elevation,  will  explain  this. 

Assuming  A  to  be  a  joint  on  a  union  to  an 
elbow  screw  ferrule  for  connecting  to  a  water 
main,  owing  to  the  shortness  of  the  brass  lining, 
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FIG  418 

scarcely  any  solder  is  over  the  part  that  sockets 
into  the  lead  pipe.  If  the  brass  lining  had  been 
made  its  proper  length,  the  solder  would  then 
have  extended  onto  it  to  the  same  distance  as 
onto  the  lead,  thus  bringing  the  thickest  part 
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"f  the  joint  over  the  place  where  the  strength  is 
most  needed.  This  is  illustrated  by  the  sketch 
B,  in  the  same  figure,  which  is  also  partly  in 
section.  Joints  made  as  shown  by  A,  have 
sometimes  broken  asunder  by  the  strain  brought 
to  bear  when  screwing  up  the  unions.  The 
sketch  C  is  a  blowpipe,  or  copper  bit  joint, 
which  is  here  shown  for  comparing  with  the 
wiped  joints,  and  to  illustrate  the  difference  be- 
tween the  two  kinds.  The  same  remarks  apply 
to  joints  on  stop-cocks.  The  only  fixings  ior 
those  fittings  are  the  joints,  so  that  when  opening 
or  shutting  the  cocks,  they  are  liable  to  become 
disjointed  if  the  soldering  is  not  strongly  done. 

We  will  go  further  in  our  comparison  of  joints, 
and  consider  wiped  branch  joints  with  those 
made  with  a  cooper  bit,  onto  the  bosses  of  bib- 
cocks. D,  m  Fig.  419,  shows  a  properly-wiped 
joint,  and  the  lead  pipe,  which  is  made  thinner 
at  the  sides  when  the  opening  is  being  made, 
strengthened  l^y  the  covering  of  solder.  E,  in 
the  same  figure,  is  a  copper-bit  joint.  These 
illustrations  speak  more  plainly  than  words  as 
to  the  merits  and  demerits  of  each  kind  of  joint  ; 
and  there  cannot  be  two  opinions  as  to  which 
is  best  or  strongest.  There  are  some  so-called 
plumbers,  who  prefer  the  copper-bit  joint,  but 
it  is  because  they  are  such  poor  wretched  trades- 


FIG  419 

men  that  they  cannot  make  a  wiped  ioint,  and 
mask  their  ignorance  and  unskilfulness  by  pro- 
testing that  the  others  are  the  best.  The 
writer  meets  with  many  such  people  in  his 
travels.  Now  we  are  on  branch  joints,  it  will 
be  well  to  explain  how  necessany  it  is  to  be 
careful  when  making  the  hole  in  the  side  of  a 
lead  pipe  preparatory  to  making  a  branch  joint. 
This  is  frequently  carelessly  done,  and  some  of 
the  mistakes  are  illustrated  by  Fig.  420,  in 
which  F  is  a  longitudinal,  and  G  a  cross  section 
of  a  piece  of  pipe  after  it  has  been  opened. 
The  "bolt,"  see  Fig.  41,  in  an  earlier  lecture, 
should  be  so  bent  that  the  end  can  be  pla'-ed 
inside  the  pipe  and  the  lead  worked  up  as 
shown  at  a  «,  sketch  H,  instead  of  being 


driven  sideway  as  at  d  d,  sketch  F.  The  bent 
bolt,  if  it  is  rough,  should  be  made  quite 
smooth  at  the  end  and  held  in  a  proper 
manner  when  opening  the  sides  of  the  hole, 
otherwise  the  inside  of  the  pipe  will  be  bruised 
or  indented,  as  shown  at  c  c,  in  section  G. 
To  make  the  hole  quite  round  the  "  tan-pin," 
Fig.  35,  is  generally  used,  and  if  care  is  not 
taken  the  point  will  bruise  the  bottom  side  of 
the  pipe,  as  shown  at  d  in  sections  G  and  F, 
and  the  top  side  of  the  pipe  driven  inwards, 
as  shown  at  e,  in  section  F.  The  velocity  of 
water  running  through  pipes  is  retarded  by 
any  roughness  or  projections  inside,  and  also 
by  any  sudden  bends  or  turns.  For  this  reason 
the  hole  for  branching  any  bib  or  draw-off 
valve  should  always  be  opened  out  as  much  as 
possible  so  that  the  boss  can  be  kept  some  dis- 


tance back,  as  shown  at  f,  section  H.  The 
water  in  passing  through  would  then  have  to 
turn  a  less  sudden  corner  than  it  would  if  the 
hole  had  been  opened  as  shown  by  section  F. 

When  a  leaden  pipe  is  branched  into  another 
of  the  same  material,  the  plumber  can  make  his 
branches  as  nearly  as  possible  follow  the  lines 
of  bends.  Fig.  421  explains  this.  The  dotted 
lines  "^how  the  shape  of  the  pipes  inside  the 
soldering.  To  prepare  the  pipes  for  this  kind  of 
joint,  the  piece  for  the  branch  should  have  its 
end  bent.  If  in  doing  this  the  throat  of  the 
bend  should  buckle,  or  contract,  a  little  the  bolt 
should  be  used  to  work  it  out  again.  The  end 
of  the  pipe  should  then  be  sawn  off  at  the  right 
angle  and,  if  the  piece  of  work  is  "set  out"  on 
the  bench  with  a  few  chalk  lines,  this  is  easily 
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done.  The  hole  could  then  be  marked  in  the 
proper  position,  and  of  the  right  size,  on  the 
other  piece  of  pipe  and  the  joint  prepared  and 
made  as  in  the  ordinary  manner.    The  only 
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oint  of  importance  tu  remember  when  making 
a  joint  of  this  kind,  is  to  wipe  all  the  solder  off 
that  is  possible  in  the  acute  angle  at  J  and  leave 
a  good  body,  or  thickness,  on  at  K.  In  practice 
the  opposite  is  usually  done,  so  that  when 
finished  the  joint  looks  as  if  the  bianch  was  at 
right  angles  to  the  main,  and  the  part  at  K  has 


little  or  no  solder  on  it,  thus  leaving  that  the 
weakest  part  of  the  joint. 

We  can  now  pass  on  to  brasswork  used  by 
plumbers  and,  to  make  our  subject  continuous, 
deal  with  "ball,"  "stop,"  and  "bib"  valves 
only  at  this  stage.  Other  kinds  of  brasswork 
will  be  dealt  with  at  a  future  time. 


BALL  VA 

I DO  not  propose  to  say  anything  about  ball 
cocks  as  they  are  now  obsolete  and  rarely 
used.  Neither  do  I  propose  to  wander  through  a 
long  list  of  ball  valves,  but  to  confine  myself  to  a 
description  of  two  or  three  that  are  in  common 
use.  An  explanation  of  a  few  principles  will  be 
sufficient  for  our  purpose. 

Ball  valves  may  be  divided  into  two  classes, 
the  so  called  "high"  and  "low"  pressure.  In 
reading  through  specifications  for  plumbers' 
work  we  invariably  find  that  "high  pressure" 
ball  valves  are  to  be  fixed.  No  matter  in  what 
position  or  under  what  head  of  water  the  valves 
are  to  be  fixed,  the  specifications  describe  them 
all  to  be  as  stated  above.  This  is  a  thoughtless 
act,  for  the  reason  that  high-pressure  valves, 
generally  speaking,  will  not  allow  so  much 
water  to  pass  through  as  those  for  low 
pressures.  This  will  be  further  explained 
presently.  A  high-pressure  valve  is  nearly 
always  necessary  for  fixing  in  cisterns  placed 
in  the  lower  parts  of  houses;  but  for  those 
cisterns  fixed  at  the  top  of  a  lofty  building, 
which  may  be  almost  on  a  level  with 
the  source  from  which  the  water  comes,  the 
ball-valve  should  be  "full  bore", or  what  is 
commonly  called  low-pressure. 

A  great  many  of  the  H.P.  ball-valves  are 
made  on  what  is  known  as  the  "equilibrium" 
principle!  The  construction  of  these  valves  is 
such  that  the  pressure  of  the  water  in  the 
service-pipe  helps  to  close  the  valve  so  that 
smaller  balls  and  shorter  stems  can  be  used 
than  would  be  necessary  without  this  arrange- 
ment. Fig.  422  is  one  of  the  earliest  types. 
The  figure  is  drawn  in  section  to  better  illus- 
trate its  work  ng.  The  hollow  ball,  A,  is 
generally  made  out  of  sheet-copper,  but  the 
cheaper  kinds  are  often  made  of  zinc.  Zinc  is 
not  at  all  good  for  the  purpose  as  the  action  of 
water  will  frequently  corrode  it.  If  the  ball  has 
holes  made  in  it  by  corrosion  it  becomes  use- 
less, owing  to  water  getting  into  it  and  destroy- 
ing its  buoyancy  If  the  balls  are  made  of  an 
alPoy  instead  of  pure  copper,  the  same  results 
sometimes  occur  as  with  zinc.  AH  balls  are 
generally  made  in  two  halves,  similar  to 
hemispheres,   these   being   soldered  together 


ES. 

with  fine  solder.  The  solder  is  often  eaten 
away  by  the  voltaic  action  which  sets  up  between 
the  metals.  The  use  of  this  float,  or  ball,  is  to 
raise  the  end  of  the  "stem"  or  shank,  B,  which 
acting  as  a  lever,  pulls  up  the  spindle  C  and 
closes  the  valve  D  against  the  seating  E,  and 
prevents  any  water  passing  out. 

At  F,  in  the  figure,  a  cup  leather  is  fixed  on 
the  spindle.    This  cup  leather  has  a  double  use, 
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firstly,  it  prevents  water  spurting  out  of  the  top 
of  the  valve,  and  secondly,  the  water  pressing 
upwards  against  it  helps  to  raise  the  spindle  and 
thus  close  the  valve.  The  water  pressure  bemg 
divided,  as  shown  by  the  arrows,  an  equilibrium 
is  established  owing  to  the  water  pressing 
upwards  against  the  cup  leather  and  downwards 
on  the  valve  over  the  outlet.  If  the  upper  por- 
tion ol  the  valve  was  made  larger  than  the 
lower  one  the  upward  pressure  would  be  exerted 
on  a  larger  surface,  so  that  the  ball  valve  would 
remain  closed.  Differential  valves  are  made  on 
this  principle,  and  used  to  reduce  an  excessive 
pressure  of  water  in  the  pipes.  In  the  case  of 
the  ball  valve,  but  for  its  special  form  of  con- 
struction, the  mechanical  power,  as  represented 
by  the  stem  of  the  ball  which  acts  as  a  lever, 
would  have  to  be  very  much  increased,  either  by 
adding  to  the  length  of  the  stem  or  making  the 
ball  or  float  much  larger. 

It  is  not  at  all  a  good  plan  to  construct  a  ball 
valve  so  as  to  establish  a  perfect  equilibrium, 
especially  when  the  spindle  of  the  valve  is  not 
tightly  pinned  or  keyed  to  the  ball  stem.  If 
this  works  loosely  'n  the  slot  cut  in  the  upper 
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portion  of  the  spindle,  the  valve  being  acted 
upon  by  the  water  pressing  in  opposite  direc- 
tions is  alternately  closed  and  opened.  When 
this  is  done  quickly,  which  is  often  the  case, 
especially  when  the  cistern  is  nearly  full,  a 
chattering  or  humming  noise  is  made.  The 
service  pipe  acts  as  a  kind  of  telephone,  and 
this  noise  ,  is  heard  at  all  places  wherever  the 
pipe  is  fixed. 

Another  reason  why  ball  valves  hum,  or  sing, 
as  it  is  sometimes  called,  is  because  of  the  india- 
rubber  valve  D  .  having  loose  or  ragged  edges, 
and  the  valves  not  properly  fitting  over  the  out- 
let. If  the  valve  does  not  seat  properly,  so  that 
one  edge  is  closed  before  the  other,  the  water 
escaping  out  of  the  slightly  opened  side  will 
cause  the  india-rubber  edge  to  vibrate  much  in 
the  same  manner  as  the  tongue  of  a  note  in  a 


harmonium.  Some  ball  valves  have  a  brass 
ring  fitted  over  the  edge  of  the  valve,  as  shown 
by  dotted  lines,  so  that  there  are  no  free  edges 
for  the  water  to  play  upon.  This  ring  also  pre- 
vents the  friction  of  the  escaping  water  tearing 
away  the  edges  of  the  rubber  washer. 

Another  kind  of  ball  valve  constructed  on  the 
equilibrium  principle  is  shown  by  Fig.  423. 
With  this  description  the  water  exerts  a  pres- 
sure, in  the  direction  of  the  arrow,  against  the 
valve  I.  The  spindle  is  hollow,  so  that  water 
passes  through  and  fills  the  small  chamber  G, 
and  presses  against  a  cup  leather  H,  fitted  on 
the  spindle,  thus  forcing  the  valve  I  back 
against  the  incoming  water.  If  these  valves  are 
not  carefully  made  they  sing  very  much,  but 
when  properly  constructed  they  are  very  good. 

Both  the  valves  that  have  been  described  are 
considered  as  "high  pressure,"  but  are  really 
"  low  pressure,"  and  have  full  waterways  through 
them.  Some  manufacturers  make  Fig.  423  with 
a  very  small  waterway  through  the  valve,  that 
is,  a  I  in.  valve  has  only  about  J  in.  hole  through 
for  the  water  to  escape.  The  ball  and  stem 
being  equal  in  size  to  those  used  for  the  larger 
size  valves.  These  valves  withstand  a  very 
great  pressure,  but  should  never  be  used  for 
low  pressure,  owing  to  the  contracted  waterway 
which  retards  the  flow  of  water. 

Fig.  424,  which  is  shown  without  the  ball,  is 
another  kind  of  ball  valve  which  is  recom- 
mended by  some  water  companies,  and  which 
will  resist  a  very  great  water  pressure.  In  this 
case,  too,  it  is  the  smallness  of  the  orifice  over 
which  the  valve  fits  tliat  makes  it  so  good  for 


very  high  pressures.  Another  thing  in  favour  of 
this  kind  of  valve  is  that  there  is  little  or  no 
friction  in  the  moving  parts,  and  it  is  very  rarely 
found  that  they  "hang  up,"  that  is,  stick  so  fast 
that  the  weight  of  the  ball  is  not  sufficient  to 
open  them.  With  some  kinds  of  valves  this 
evil  is  constantly  occurring  and  using  oil  or 
grease  for  lubricating  adds  to  the  evil,  owing  to 
the  formation  of  verdigris  on  the  brasswork. 
The  valve  shown  by  Fig.  424  is  a  very  good  one, 
but  it  unfortunately  happens  that  it  is  often 
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made  in  an  inferior  manner,  and  there  are 
thousands  sold  which  can  only  be  called  rubbish 
and  so  bring  the  class  into  disrepute. 

Another  kind  of  high  pressure  ball  valve  is 
worked  by  means  of  compound  levers.  Fig.  425 
being  an  example  of  the  class.  The  sketch 
shows  the  action,  and  by  using  one  lever,  worked 
by  the  rise  and  fall  of  the  ball,  to  raise  a  second 
lever,  it  is  easily  understood  the  enormous 
pressure  that  this  valve  will  resist.  In  spite  of 
this  the  writer  knows  a  place  where  the  water  is 
pumped  into  the  mains  at  a  distance  of  about 
two  miles  from  the  town,  where  at  each  stroke 
of  the  pump  a  drop  or  two  of  water  is  forced 
through  the  valve  after  the  cistern  is  filled  and 
the  valve  closed.  This  kind  is  not  so  suitable, 
owing  to  its  short  action,  for  very  low  water 
pressures  as  others  that  have  larger  waterways 
through  them,  but  for  very  high  pressures,  and 


because  of  the  freedom  from  friction  of  the 
working  parts,  these  valves  are  very  serviceable. 

A  compound  action  ball  valve  is  also  made 
with  a  primary  lever  working  a  secondary  lever 
with  a  "  cam  "  on  the  end.  The  cam  presses 
against  the  spindle  of  the  valve  and  forces  it 
onto  its  seating. 

There  are  hundred  of  other  descriptions  of 
ball  valves,  but  the  greater  number  are  made  on 
some  of  the  lines  that  have  been  described,  so 
we  need  not  dwell  longer  on  this  part  of  our 
subject. 

Mention  has  been  made  of  the  noise  of  water 
passing  through  ball  valves,  and  also  of  that 
made  when  the  cisterns  are  filling.    The  former 
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is  generally  beyond  the  plumber's  control,  but 
the  latter  can  be  prevented  by  fixing  a  "  silence" 
or  '■  hush  "  pipe  on  the  nozzle  of  the  ball  cock  to 
convey  the  water  to  the  bottom  of  the  cistern 
instead  of  allowing  it  to  fall  from  the  top  on  to 
that  already  in  the  cistern.  This  pipe  is  shown 
at  J,  Fig.  426.  A  piece  of  lead  pipe  a  size 
larger  than  the  service  is  generally  used,  the 
bottom  end  being  perforated,  or  slits  cut  in  as 
shown  in  the  figure,  and  a  flange  turned  for 
resting  on  the  cistern  bottom.  The  nozzle 
of  the  valve  is  socketted  into  the  top  end 
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of  the  pipe.  Some  plumbers  solder  the  pipe 
on  to  the  nozzle  with  a  copper  bit,  but  when 
this  is  done  there  is  some  difficulty  when  repair- 
ing the  ball-valve.  Some  makers  have  unions 
screwed  onto  the  nozzles  for  attaching  the 
s'lence-pipe.  As  a  matter  of  fact,  these  pipes 
should  never  be  made  to  fit  too  tight,  or  it  they 


are  so  fixed,  a  hole  should  be  made  as  shown  by 
the  arrow;  otherwise,  the  water  would  be 
syphoned  back  into  the  main  whenever  it  was 
shut  off.  The  hole  is  made  by  means  of  a 
good-size  bradawl,  it  being  held  at  the  angle 
shown  by  the  arrow.  This  prevents  any  water 
that  escapes  from  the  hole  spurting  against  the 
cistern-side  or  splashing  over  the  top  edge, 
which  would  be  the  case  if  the  hole  was  made 
straight  through  the  side  of  the  pipe  or  in  an 
upright  direction.  It  is  difficult  to  attach 
silence-pipes  to  the  ball-valves  shown  by  Figs. 
424  and  425. 

Some  first-class  plumbers  fix  a  stop-valve 
to  each  ball-valve,  the  ends  of  the  stop  being 
screwed  to  fit  the  threads  of  the  ball-valve 
and  boss  respectively.    Some  manufacturers 
make  a  "  combined  stop  and  ball-valve."  One 
of  these  arrangements  should  always  be  fixed 
in  first-class  houses,  so  that  if  anything  should 
occur  to  the  ball-valve,  the  water  could  be  at 
once  turned  off.     If  a  man  had  to  run  from 
the  top  of  a  high  house  to  the  bottom,  to 
turn  off  the  water,  a  considerable  amount  of 
damage  would  perhaps  be  done  in  the  interval. 
The  addition  of  a  stop-valve  has  the  further 
advantage  that,   the  supply   to   any  cistern 
could  be  turned  off  without  interfering  with 
the  others.    Where  large  houses  are  left  in 
charge  of  caretakers  or  servants,  during  the 
winter    months,   all   the   cisterns    could  be 
emptied  and  thrown  out  of  use,  excepting  one 
or  two  for  the  use  of  those  in  the  house  and 
for  keeping  the  sanitary  fittings  clean. 


STOP  COCKS 

A GREAT  many  of  the  remarks  made  on 
ball  valves  will  apply  to  our  present  sub- 
ject, especially  those  on  the  distinction  between 
"high"  and  "low"  pressure.     With  most  ball 
valves  the  water  has  to  change  its  direction  only 
once,  see  Figs.  422  to  425,  but  with  the  so-called 
H.P.  stop  valves  it  is  different,  and  the  water, 
when  passing  through  the  valve,  has  to  change 
its  direction  as  many  as  four  times.     Fig.  42?! 
which  is  a  section  of  a  very  common  description 
of  valve,  explains  this.     The  arrows  denote  the 
direction  of  the  water  current.     On  looking  at 
the  figure  it  will  be  noticed  that  when  the  water 
reaches  the  centre  of  the  valve  it  has  to  pass 
upwards,  turn  horizontally  for  a  short  distance, 
then  downwards,  and   again  at  right  angles 
before  finally  passing  out  of  the  valve.  The 
friction  of  the  water  as  it  passes  these  turnings 
is  very  considerable,  and  so  retards  the  velocity 
that  not  nearly  so  much  escapes  as  would  be  the 
case  if  the  waterway  had  not  been  so  tortuous. 


OR  VALVES. 

The  evils  of  these  valves  are  frequently  aggra- 
vated by  fixing  them  of  a  smaller  size  than  the 
pipes.  This  is  often  done  as  an  economy,  and 
the  fact  of  fixing  a  pipe  of  any  size,  and  then 
throttling  the  waterway,  as  described,  by  means 
of  a  smaller  size  stop  valve,  and  that  having  a 
contracted  water  way,  shows  want  of  thought. 
Some  plumbers,  when  this  description  of  valve 
is  used,  will  fix  them  of  a  larger  size  than  the 
service  pipe.  The  water  travelling  through  the 
larger  valve  at  a  lesser  velocity  than  through 
the  smaller  one,  reduces  the  amount  of  friction 
and  allows  more  water  to  pass.  If  an  economy 
has  to  be  practised  why  not  reduce  the  size  ot 
the  pipe  as  well  as  that  of  the  valve? 

And  then,  again,  this  kind  of  valve,  by  reason 
of  its  shape,  cannot  have  the  inside  trimmed  or 
bored  when  being  made,  or  the  roughnesses  left 
from  the  sand  core,  used  when  casting,  re- 
moved. Hundreds  of  valves  are  found  to  have 
a  water  way  only  the  size  of  a  pea,  and  some- 
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times  less  than  that,  at  the  point  A  in  the  figure. 
The  valve,  B,  or  "jumpei,"  as  it  is  sometimes 
called,  is  generally  left  loose,  as,  if  fixed  on  to 
the  spindle,  it  would  turn  round  with  it,  when- 
being  opened  or  closed  by  the  screw,  and  thus 
soon  become  cut  through  or  worn  out.  When 
loose  the  valve  is  opened  by  the  pressure  of 
water  against  it,  but  the  back  pressure  on  the 
opposite  side  will  keep  it  closed,  that  is,  the 
valve  can  be  shut  to  keep  the  water  from  the 
street  main  passing  up  and  into  the  cistern,  but 
if  the  street  main  is  shut  down  the  water  will  be 
retained  in  the  service  pipe  and  will  not  become 
emptied  back  into  the  main,  owing  to  the  valve 
closing  by  the  back  pressure.  For  this  reason 
most  of  the  best  makers  "key"  or  "pin"  the 
valve  on  to  the  spindle,  so  that  the  valve  can  be 
opened  or  shut  by  turning  the  spindle.  In 
some  cases  where  these  valves  have  been  fixed 


FIG 


horizontally  on  the  down  pipes  from  cisterns 
and  under  low  pressures,  air  has  accumulated 
ins'de  them  to  such  an  extent  as  to  prevent  any 
water  passing  through.  The  writer  has  met 
with  such  cases  and  had  to  fix  vent  pipes  to 
allow  the  pent  up  air  to  escape. 

Fig.  427  represents  the  principles  on  which 
nearly  all  H.P.  valves  are  made,  and  when 
properly  constructed  they  do  resist  very  great 
water  pressures,  it  is  true,  but  this  kind  cannot 
be  considered  as  being  perfect  in  all  details,  and 
there  is  plenty  of  room  for  improvement  being 
made  in  them. 

As  a  passing  remark  I  may  here  say  that 
numbers  of  people  will  make  slight  variations  in 
other  people's  designs,  these  not  being  always 
for  the  better,  and  will  then  put  something  on 
•the  maiket  as  being  original  inventions.  At  the 
same  time,  in  the  endeavour  to  make  money  by 
underselling  other  people,  they  manufacture  an 
inferior  article,  and  so  it  arises  that  the  market  is 
flooded  with  rubbish  that,  when  fixed,  become  a 
permanent  tax  on  householders  for  repairs, 
besides  often  bringing  the  original  article  into 
disrepute.  These  remarks  apply  particularly  to 
some  kinds  of  plumber's  brasswork,  and  to  none 
more  than  stop  valves.  To  further  illustrate 
this,  it  may  be  added  that  some  makers  will 
charge  los.  6d.  for  a  valve  that  others  will  sell 


for  3s.  6d.  Now,  one  of  these  people  must 
make  an  excessive  profit,  or  the  other  one  sells 
an  inferior  article.    I  leave  the  reader  to  judge 


which  it  is,  but  I  may  say  that  the  most  respect- 
able plumbers  will  fix  the  higher  priced,  and 
consequently  better,  article,  and  so  keep  up 
their  reputation  for  doing  their  work  well. 
Some  of  the  London  water  companies  have  very 
strict  regulations  as  to  the  kind  of  stop  valve  to 
be  used  in  connection  with  their  supply,  not 
only  as  to  the  kind  of  materials  to  be  used  in 
their  manufacture,  but  also  the  substance  of  the 
metal,  thickness  of  spindle,  weight  of  the  com- 
plete fitting,  and  also  stipulate  that  screwed 
unions  shall  be  attached  to  the  ends,  so  that  the 
valve  can  be  easily  changed  or  renewed  as  occa- 
sion requires.  This  also  prevents  injury  to  the 
indiarubber,  leather,  or  fibre  seating  of  the  valve 
by  the  heat  of  the  solder  when  making  the 
joints. 

Fig.  428  illustrates  one  of  these  valves.  The 
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unions  on  the  ends  are  of  a  good  length,  so  that 
they  can  be  properly  soldered  to  a  lead  pipe. 
The  body  of  the  valve  is  enlarged  and  thus 


212 


LECTURES  TO  PLUMBERS, 


allows  the  water  to  pass  through  with  less 
friction  than  in  the  other  valve  referred  to.  The 
valve  seating  is  low  down  in  the  body,  which  is 
shown  partly  in  section  to  expose  the  valve,  and 
consequently  the  water  has  a  more  direct  pas- 
sage, and  the  spindle  is  much  stronger  than 
usual.  These  valves  are  the  best  the  writer 
knows  of,  when  made  by  a  good  manufacturer, 
but  another  kind,  as  shown  by  Fig.  429,  has  the 
advantage  of  having  a  better  water  way  through 
it.  As  the  figure  shows  this,  no  further  descrip- 
tion of  it  is  necessary. 

Another  kind  of  stop  valve  is  shown  in 
elevation  and  section  by  Fig.  43°-  This  con- 
sists of  the  body  with  two  loose  valves,  which 
are  lowered  into  their  position  and  then  forced 
on  to  the  ends  of  the  inlet  and  outlet  pipes  in- 
side the  valve,  by  means  of  a  screwed  spindle 
with  a  wedge  shaped  block  on  the  end.  By 
turning  the  wheel  head  the  two  valves  are 
raised,  as  shown  in  the  figure,  A,  into  the  upper 
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chamber,  thus  leaving  a  perfectly  clear  water 
way  through  the  fitting.    These  valves  would 
be  better  if  they  had  unions  on  the  ends  of  those 
made  for  fixing  to  lead  pipes,  as  there  is  no 
doubt  that  they  are  injured  by  being  heated 
when  the  plumber  is  wiping  his  joints.  Some 
plumbers  will  take  the  inside  valves  out  first 
with  the  view  of  preventing  injury  to  theni, 
others  will  screw  them  down  tight,  so  that  all 
the  metal  will  expand  equally,  and  in  contracting 
will  do  so  without  getting  out  of  shape.    It  is  a 
iact,  not  generally  known,  that  when  metal  has 
been  expanded  by  being  heated  it  will  not 
always,  when  cooling,  shrink  back  to  exactly  its 
original  shape.    In  the  case  of  cocks  and  valves 
this  should  be  remembered,  as  the  least  distor- 
tion causes  them  to  leak.    Hundreds  of  stop 
cocks  and  valves  are  spoilt  by  the  heat,  which 
is  unavoidable,  when  having  the  ends  soldered 
to  the  pipes.    Fig.  43'  >s  similar  to  the  last  one, 
excepting  that  the  valve  has  a  solid  wedge 
instead  of  the  loose  faces. 

In  addition  to  stop-valves,  "stop  cocks'  are 
iometimes  used.  These  are  divided  into  a  large 


number  of  descriptions,  such  as  "full  way, 
"  square  way,"  "  round  way,"  "  shell  pattern,' 
"<Tland,"  "rivet  bottom,"  "screw  bottom," 
"crutch  key,"  "square  head,"  "  lever  handle," 
"bow  key,"  &c.,  and  are  used  not  only  as  stop- 
cocks on  main  and  service-pipes,  but  also  for 
filling  and  emptying  baths,  washbasins,  &c. 
They  are  all  in  such  common  use  that  it  would 
not  help  a  reader  much  if  they   were  all 


described.    As  these  fittings  leak  by  much 
usage,  owing  to  the  friction,  when  being  turned, 
wearing  away  either  the  outside  of  the  hey  or 
the  inside  of  the  body;  they  soon  leak  unless 
they  are  made  of  the  very  best  gun  metal. 
Older  plumbers  than  myself  have  often  been 
heard  to  say  that  old-fashioned  gun  metal  cocks 
would  last  twice  as  long  as  those  made  at  the  pre- 
sent time.    There  is  not  the  least  doubt  that  the 
present  rage  for  cheap  work  has  driven  the  old 
gun  metal  cocks  out  of  the  market  and  helped 
to  foster  the  trade  in  cheap-made  brass  valves. 
I  was  rather  interested  in  reading  in  a  New 
York  Trade  Journal  an  advertisement  of  a  com- 
pany who  "  are  prepared  to  make  cocks  of  the 
very  best  steam  metal,  carefully  ground  by 
hand,  of  extra  weight,  and  so  proportioned  as  to 
secure  the  maximum  of  durability  and  guarantee 
them   against   leakage  for  ten  years,  in  that 
city."  The  well  known  respectability  of  the  firm 
referred  to  disarms  all  or  any  suspicion  ot  this 
being  an  empty  boast.    Looking  nearer  home, 
I  may  say  that  I  know  two  or  three  country 
master  plumbers  who  send  to  one  of  the  oldest 
manufacturers  in  the  City  of  London   for  gun 
metal  cocks,  swear  by  them,  and  will  have  no 
other  kind  or  anybody  else's  make.    To  repeat 
the  remark  of  one  man,  "  I  can  buy  cheaper 
but  not  so  good  anywhere  else,  and  I  don't  care 
for  the  valves  so  much  used  nowadays." 

We  may  now  leave  the  description  of  stop- 
valves  and  dwell  for  a  short  time  on  their  posi- 
tion. In  the  first  place,  as  this  fitting  is  some- 
times wanted  to  be  used  in  emergency  it  should 
never  be  hidden  away  out-o'-sight,  but  should  be 
placed  in  a  conspicuous  position,  where  it  can 
readily  be  seen.  But  as  there  is  always  a 
liability  of  the  pipe  between  the  cistern,  or  mam 
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service-pipe,  and  stop-valve  breaking  down,  it 
follows,  as  a  matter  of  course,  that  it  should 
always  be  fixed  as  close  to  the  cistern,  or  main, 
as  convenient,  and  thus  control  the  whole,  or  as 
much  as  possible  of  the  service-pipe.  The 
writer,  in  his  examinations  of  houses,  often  finds 
stop-cocks   and   valves    in    positions  either 
impossible  or  difficult  to  get  at  without  a  great 
deal  of  trouble,  so  that  in  some  cases  they  are 
almost  useless.    Even   when   the  position  is 
satisfactory  the  valves  are  so  often  neglected 
that  they  become  rigidly  fixed  and  difficult  to 
turn,  thus  detracting  from  their  usefulness.  To 
every   stop-valve   a   tablet   should   be  fixed, 
describing  with  what  pipes  or  fittings  it  is  in 
connection.    Neglect  of   this  often   leads  to 
unnecessary  trouble.    This  applies  more  parti- 
cularly to  down-pipes  from  cisterns.  Amongst 
other  cases,  the  writer  knew  of  a  house  which 
was  not  properly  fitted  with  stop-valves,  in  which 
two  pictures,  valued  at  over  a  thousand  pounds 
sterling  each,  a  grand  piano,  which  cost  about 
£200,  besides  a  decorated  ceiling,  carpets,  and 
furniture,  v/ere  much  damaged  owing   to  a 
broken  pipe  allowing  the  water  to  escape.  The 
servants  could  not  stop  the  water,  and  about 
two  hours  had  to  be  spent  in  getting  a  plumber. 
The  proper  fitting  and  arrangement  of  stop- 
cocks cannot  be  too  strongly  insisted  upon. 
There  is  scarcely  a  mansion  or  any  other  house, 
fitted  with  water-cisterns  and  pipes,  that  has 
not  at  some  time  or  other  suffered  damage 
which  would  have  been  either   prevented  or 
minimised  if  the  stop-valves  had  been  propeily 
arranged  and  kept  in  order.     It  may,  per- 


haps, be  urged  that  in  large  buildings, 
too  many  stop  -  valves  would  lead  to 
confusion  ;  but  this  would  not  be  so 
if  they  were  all  .  labelled  as  to  their 
use.  The  writer,  in  some  large  mansions,  has 
fixed  stop-cocks,  or  valves,  to  every  branch  ser- 
vice to  a  fitting,  even  to  the  w.c.'s,  draw-off  or 
bib-cocks  to  sinks,  and  ball-valves  to  cisterns. 
By  this  means  any  single  ball  or  draw-off  cock, 
or  w.c.  can  be  repaired  without  shutting  off  the 
water  from  the  whole  of  the  others.  In  cases 
where  there  is  an  excessive  pressure  of  water, 
the  stop-cock  is  found  to  be  of  further  use  for 
throttling,  or  regulating  the  supply  by  reducing 
the  velocity  of  the  escape;  but  as  one  cock 
would  not  answer  for  the  whole,  it  follows  that 
each  fitting  must  have  a  separate  one.  A 
simple  illustration  of  this  necessity  is  frequently 
found  in  connection  with  wash-basins.  How 
often  do  we  find  on  opening  a  basin-valve,  the 
water  comes  in  with  such  velocity  as  to  splash 
over  the  basin  onto  the  person's  dress  'i  In  the 
case  of  a  range  of  basins  supplied  from  one 
service-pipe,  if  a  stop-cock  was  used  to  reduce 
the  velocity  to  suit  a  single  basin,  we  should 
only  get  a  dribble  of  water  into  the  others,  sup- 
posing that  two  or  three  were  being  used  at  the 
same  time.  It  is  true  the  plumber  will  often 
"pea"  his  basin-valves,  that  is,  insert  metal 
discs  with  small  holes  through  them  in  the 
union  connections  to  the  pipes,  or  with  his 
hammer  bruise  or  flatten  the  service-pipes;  but 
both  these  methods  are  only  makeshifts,  and  not 
nearly  so  good  as  fixing  stop-valves  which  can 
be  partly  closed  to  the  required  degree. 
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FOR  ordinary  use  there  is  nothing  better  than 
a  good,  well  made,  gun  metal  cock,  what  is 
the  so-called  shield  or  shell  pattern  being  the 
best.  Such  an  one  is  shown  by  Fig.  432.  Cocks 
of  this  kind,  which  are  sometimes  called  "engi- 
neer's pattern,-'  have  the  keys  longer  than  ordi- 
nary ones,  and  the  water  way  through  the  body 
IS  a  long  nanow  slit  instead  of  having  a  round, 
or  oval-shaped  hole.  When  properly  made  the 
water  has  a  clear  course  through  the  cock 
nearly,  if  not  quite,  equal  to  the  water-way  of 
the  pipe  to  which  it  is  connected,  assuming 
them  both  to  be  of  the  same  nominal  size,  but  is 
changed  in  form  when  passing  through  the  key. 
This  adds  a  little  to  the  friction,  but  not  to  any 
great  extent  so  as  to  seriously  retard  the  escape 
of  the  water.  The  "shut  off"  of  these  cocks  is 
much  greater  than  with  those  of  ordinary  form, 
and  consequently  they  will  resist  a  greater  water 
pressure  without  leaking.    Fig.  433  is  drawn  to 


VALVES. 

illustrate  this,  A  being  a  longitudinal  cross  section 
of  the  key  and  barrel  of  a  shell  pattern  cock,  and 
B  that  of  an  ordinary  one.  C  is  a  longitudinal 
vertical  section  of  the  same  kind  of  cock,  which 
has  a  hollow  key.  Opinions  are  divided  as  to 
whether  the  key  should  be  hollow,  as  shown,  or 
solid.  The  hollow  key  has  the  advantage  that 
the  substance  of  the  cock  can  be  made  equal  in 
all  parts,  and  will  expand  equally  in  every 
direction;  this  being  of  importance  when 
used  for  hot  water.  But  a  drawback  to 
this  is  that  when  used  for  cold  water,  and 
the  cock  is  in  an  exposed  situation,  the 
sinall  quantity  of  water  retained  in  the 
hollow  key  will,  on  becoming  frozen,  expand 
sufficiently  to  break  it  across  as  shown  by 
dotted  line  at  C,  and  push  out  the  sides  of  the 
barrel  as  shown  by  the  arrows  at  B.  Every 
winter  the  writer  has  experiences  of  cocks  being 
"frosted,"  as  it  is  called,  in  which  the  above 
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evils  are  found  to  occur.  The  same  evils  obtain 
with  valves  as  with  cocks,  but  the  results  are 
different  with  valves,  the  top  is  generally  forced 
off  and  the  screws  broken. 

Another  point  is  that  with  some  kinds  of 
cocks,  and  with  certain  descriptions  of  water, 
those  that  have  a  moderate  amount  of  usage 
will  last  longer  without  leaking  than  those  that 
are  seldom  used.    This  may  acpear  paradoxical. 
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but  arises  from  the  corrosion  that  takes  place 
on  the  parts  uf  the  metal  exposed  to  the  action 
ot  the  water.  These  parts  being  shown  on 
sketch  B  by  the  arrows  inside  the  barrel,  and 
by  D  D  on  the  outside  of  the  key.  These 
parts  becoming  rusted,  so  to  speak,  on  turning 


the  key  the  roughened  surfaces  grind  against 
each  other  and  wear  each  other  away,  the  de- 
tached matter  acting  in  the  same  manner  as 
grit,  and  thus  helping  to  scratch  the  surfaces  m 
contact.  This  can  easily  be  found  by  taking 
out  a  key  and  looking  at  it,  and  also  inside  the 
barrel.  When  the  cocks  have  a  fair  amount  of 
usage  the  constant  turning  prevents  the  corro- 
sive action,  to  a  certain  extent,  and  the  key 


wears  away  equally  its  whole  length.  No  doubt 
many  readers  have  noticed  that  cocks  frequently 
have  the  keys  so  worn  that  they  project  through 
the  bottom  of  the  barrel  so  that  the  bottom 
screws  are  loose,  and,  if  they  have  been  leaking, 
by  simply  pressing  down  the  key  the  leakage 
has  been  slopped,  thus  showing  that  the  metals 
have  mutually  worn  each  other  to  a  smooth 
surface. 

It  has  been  suggested  that  the  keys  and 
barrels  of  cocks  should  be  made  of  different 
metals,  and  it  may  safely  be  assumed  that  the 
experiment  has  been  tried  and  found  not  to  be 
a  success,  otherwise  we  should  find  such  cocks 
placed  upon  the  market.  For  very  cheap  work, 
cast  iron  cocks  with  brass  keys  are  sometinies 
found,  but  those  the  writer  has  met  with, 
although  acting  fairly  well,  were  not  sufficiently 
successful  to  justify  him  in  speaking  well  of 
them  for  good  work. 

For  hot  water,  gun  metal  cocks  are  found  to 
answer  much  better  than  a  great  many  of  the 
valves  that  are  made,  and  for  steam,  the  cocks 
are  nearly  always  preferred.  For  either  ot 
these  latter  uses  lever-handled  cocks  are  the 
best,  as  there  is  sometimes  more  difficulty  in 
turninsr  them  than  those  used  for  cold  water. 
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As  the  heat  would  travel  to  the  levers,  they 
should  be  made  of  some  material  that  would 
not  conduct  the  heat  to  the  hand.  As  the  lever 
must  be  made  ot  metal,  the  handle  part  is 
usually  covered  with  ebony,  horn,  or  some 
other  material.  The  lever  should  always  be 
fastened  on  to  the  cock  by  means  of  a  pm  or 
screw  to  prevent  its  falling  off.  If  hot  water 
was  being  drawn  from  a  cock,  and  the  lever  fell 
into  the  vessel  of  hot  water,  damage  might  be 
done  before  the  cock  could  be  closed. 

In  some  gentlemen's  houses  the  bad  practice 
of  enclosing  the  sinks  is  followed.  The  prac- 
tice is  bad,  inasmuch  as  whenever  the  lids  are 
opened  a  pufT  of  sickly  smelling  air  escapes. 
But  with  sinks  so  fitted,  it  is  necessary  to  have 
"horizontal"  bib  cocks,  so  that  they  can  be 
kept  as  near  the  top  edge  as  possible.  Such 
cocks  are  shown  by  Fig.  434-  When  used  for 
hot  and  cold  water  they  are  fixed  in  pairs,  one 
being  right  and  the  other  left  handed.  Another 
kind  of  bib  is  known  as  a  "gland  cock.' 
Fig.  435  is  an  illustration  of  one.  This  is  in- 
tended for  fixing  to  a  range  boiler,  but  when 
used  for  soldering  to  a  lead  pipe  a  screw  boss  is 
substituted  for  the  extra  long  screw  and  back  nut. 
This  kind  of  cock  is  considered  to  be  superior  to 
the  one  shown  by  Fig.  434,  but  this  is  only  to  a 
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degree.  It  will  be  noticed  that  instead  of  hav- 
ing a  screw  at  the  bottom  to  i<eep  the  key  tight, 
a  collar  is  fastened  with  screws  to  the  top  edge 
of  the  barrel  for  the  same  purpose.  The  ad- 
vantage is  that  if  the  key  becomes  so  loose  as 
to  allow  water  to  leak  out,  it  can  only  escape  at 
one  end,  that  is,  the  top — the  bottom  of  the 
barrel  being  solid.  When  used  as  a  stop  cock 
and  fixed  in  a  recess,  or  other  difficult  position, 
the  key  can  be  tightened  from  the  front  by  turn- 
ing the  screws  at  each  end  of  the  gland.  The 
top  end  of  the  inside  of  the  barrel  of  the  cock 
is  recessed  for  a  short  distance  down;  this  is 
packed  with  hemp,  cotton,  asbestos,  or  other 
suitable  material,  and  a  neck  on  the  gland 
pushes  or  presses  the  packing  down  on  to  a 
shoulder  left  near  the  top  end  of  the  key,  thus 
keeping  it  from  working  out,  and  also  prevent- 
ing any  water  escaping.  When  the  cock  is 
much  used,  or  constantly  being  turned,  the  latter 
use  of  the  gland  is  questionable,  excepting 
when  the  packing  is  continually  being  seen  to. 

With  a  view  to  making  cocks  last  longer, 
especially  when  used  for  hot  water,  various  ex- 
pedients have  been  tiied.  Amongst  the  rest  is 
to  have  sinkings  inside  and  lengthways  with 
the  barrel  in  which  the  key  turns.  The  sink- 
ings being  filled  with  asbestos  so  tightly  packed 
that  the  key  presses  against  it.  These  cocks 
have  a  good  reputation,  and  are  easier  to  turn 
than  some  other  kinds  of  cock. 

There  are  a  great  many  other  details  in  con- 
nection with  bib  cocks  that  could  be  dealt  with, 
but  it  is  doubtful  if  any  really  good  purpose 
would  be  served  by  dealing  with  them,  so  we 
will  now  make  a  few  remarks  on  bib  valves. 
Fig.  436  is  an  illustration  of  one  that  is  very 
much  used.  Although  this  is  a  London  made 
valve  I  find  the  same  kind,  slightly  varied  in 
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form,  in  use  in  nearly  all  parts  of  the  country. 
The  internal  works  are  very  similar  to  Fig.  427 
in  last  lecture.  This  is  a  neat  looking  valve, 
and  when  nickel  plated,  fitted  with  a  milled 
head,  or  with  spoke  knobs,  is  frequently  used  for 
wash  basins.  The  remarks  made  on  Fig.  427 
will  also  apply  to  this  valve,  both  with  regard  to 
the  water-way  and  the  working  parts.  When 
used  for  cold  water,  the  valve  washer  or  jumper 
is  generally  made  of  leather,  but  for  hot  water, 
vulcanite  ebonite,  woodite,  and  other  prepara- 
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tions  of  indiarubber  are  used,  as  the  leather,  with 
very  hot  water,  is  totally  destroyed.  So-called 
asbestos  and  fibre  washers  are  also  used  by 
some  makers  of  valves.  Other  makers  have 
gun  metal  ground-in  valves  instead  of  using 
washers,  and  a  patent  has  been  applied  for,  for 
using  a  soft  metal  jumper  that  will  adjust  itself 
to  the  seating  of  the  valve,  and  be  affected  by 
neither  hot  nor  cold  water.  The  writer  can 
only  add  that  if  this  turns  out  a  success  the  in- 
ventor will  make  a  fortune  in  a  very  short  time. 
There  is  not  the  least  doubt  that  a  good  hot 
water  valve  is  one  of  the  wants  of  the  age.  Not 
only  has  the  variation  in  temperature  of  the 
water  to  be  considered,  but  also  the  grit  from 
the  boiler;  rust,  in  some  cases,  from  the  pipes; 
servants  screwing  the  valve  so  tight  as  to  cut  or 
injure  the  materials;  the  materials  "growing" 
together  when  the  valve  is  left  closed  for  some 
time,  and  torn  or  broken  when  the  valve  is 
again  opened;  natural  decay  or  corrosion  of  the 


FIG  4-36 

materials  and  other  matters,  which  are  well 
known  to  most  thoroughly  practical  men,  tend 
to  injure  the  valve. 

One  of  the  advantages  of  valves  is  the  ease 
with  which  new  washers  can  be  fitted,  but  in 
country  places  a  plumber  is  not  always  at  hand 
to  do  it. 

Another  advantage  is  that  with  a  slow  closing 
valve  in  distinction  to  one  with  a  quick  thread, 
by  which  the  valve  can  be  closed  suddenly, 
there  is  very  little,  in  some  cases  none,  "  water 
hammer"  or  noise  in  the  pipes  caused  by  the 
sudden  stoppage  of  the  water. 

The  valve  can  also  be  opened  slowly  when 
necessary  to  draw  water  into  a  jug  or  glass,  and 
thus  run  less  risk  of  breaking  the  vessel. 

Bib  cocks  and  valves  are  sometimes  fitted  with 
unions  on  the  nozzles  for  attaching  hose  pipes 
or  flexible  tubes  for  using  in  stable  and  court- 
yards, gardens,  and  other  places  where  the 
pressure  in  the  pipes  is  sufficient  to  throw  the 
water  to  a  considerable  distance.  Similar 
fittings  are  also  useful  as  fire  hydrants,  but  as  it 
is  probable  that  a  chapter  will  be  devoted  to 
this  important  branch  of  our  subject  at  a  future 
time  we  will  not  dwell  upon  it  now. 

We  may  here  make  a  tew  remarks  to  the 
uninitiated  on  securing  the  end  of  a  hose  pipe 
onto  the  union  of  a  cock.    Assuming  it  is  to  be 
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fixed  in  a  stable  yard  and  used  fot  washing 
carriages,  there  is  often  a  considerable  strain 
brought  to  bear  on  the  joining  when  dragging 
the  hose  about.  Sometimes  the  hose  will  be 
pulled  off  the  union  or  broken  off  close  to  it. 
Fie  4-^7  illustrates  a  cock  with  a  union  attached 
to  it  The  "cap"  A  has  horns  on  opposite 
sides  lor  screwing  the  union  tight,  these  being 
preferable  to  a  cap  with  octagonal  or  hexagonal 
faces,  and  which  requires  a  spanner  for  screw- 
ing it  tightly  onto  the  nozzle  o*  the  cock, 
whereas  the  other  can  be  done  by  the  hand. 
The  lining  B  should  be  fluted  as  shown  m  the 
figure,  but  should  not  have  any  sharp  arrises 
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which  would,  perhaps,  cut  the  hose  pipe.  If 
he  bore  of  the  hose  pipe  is  large  enoiigh,  a 
thimble  of  leather  can  be  put  on  the  brass  lining 
bel^ore  slipping  on  the  end  of  the  hose  pipe.  If 
The  ho  e  is  made  of  vulcanised  ind.arubber  or 
woven  canvas,  a  thin  piece  of  leather  us  some- 
times wrapped  round  and  outside   the  joint 
Se  binding,  to  prevent  the         -."mg  mto 
the  material.    The  easiest  way  to  bind  the  joint 
s  to  first  fasten  one  end  of  the  wire,  which 
should  be  made  of  copper,  to  something  fixed 
rS  lay  the  other  end  of  the  wire  lengthways 
on  the  joint,  and  then  holding  the  part  to  be 
joined  loriz:ontally  between  the  hands  slow  y 
Turn  it  round  towards  you,  l^jep.ng  the  wire 

Tnd  thus  prevent  it  unwinding  or  getting  slack 
oS  the  joint.    Cut  off  the  spare  wire  and  tap  the 
twisted  ends  down  by  means  of  the  fiat  pa,  of 
he  plyers     Some  plumbers  will  do  the  binding 
naCay  similar  to  'a  whip  maker's  Jo-U  whu:l 

o,  Se  wTe  a?!  laid  in  opposite  directions  on  the 


ioint,  the  wire  fixed  in  a  screw  vice  for  holding 
when  binding,  and  after  sufficienthas  been  wound 
on  the  joint  the  slack  is  pulled  through  and  cut 
Gfi.    This  is  a  troublesome  way,  although  easilg 


done  when  string  or  cord  is  used  instead  of  wire. 
Another  way  to  get  the  same  result  as  the  last 
is  to  do  the  binding  as  first  described,  but  with 
a  loose  piece  of  wire,  or  a  hard  piece  of  wood, 
laid  lengthways  by  the  side  of  the  end  of  the 
underlap.  This  wire  or  wood  being  pulled  out 
after  sufficient  binding  had  been  done,  and  the 
loose  end  of  the  binding  wire  pushed  through 
the  small  space,  the  slack  pulled  through  and 
cut  off  at  the  end  or  near  the  centre  of  the 
binding.  This  method  can  be  varied,  and  other 
ways  of  wiring  adopted,  but  the  subject  is  not  of 
sufficient  importance  to  dwell  longer  upon  it 

Self-closing  Cocks. 

We  cannot  leave  bib  cocks  until  those  under 
this  heading  have  been  dealt  with.    For  our 
purpose  we  need  only  consider  two  kinds  of 
self-closing  cocks,  namely,  those  that  close 
themselves  immediately  they  are  released,  and 
those  that  close  after  a  certain  or  given  quantity 
of  water  has  passed  through.     Taking  the  first 
kind  named,  there   are   several  forms  in  the 
market,  but  they  are  very  nearly  all  alike,  only 
two  principles  entering  into  their  construction 
One  kind  closes  wtVi  the  water  pressure,  and 
the  other  kind  as^^aifisi  the  pressure.  An  example 
of  the  latter  is  shown  at  Fig.  439-    The  draw- 
ing speaks  for  itself,  so  far  as  the  working  parts 
of  the  valve  is  concerned.     This  valve  will  be 
referred  to  again  presently  from  another  point 
of  view.    The  valve  is  opened  by  means  ot  a 
lever,  or  a  cam,  and  is  closed  by  means  of  a 
spring  when  the  handle  is  released.    Valves  of 
this  kind  are  sometimes  found   to  be  useful 
where  the  water  supply  is  limited.  Ordinaiy 
cocks  can  be  left  open  and  water  run  to  waste, 
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but  with  those  latterly  described  this  cannot'be, 
unless  they  are  tampered  with.  With  sinks 
having  plugged  waste  pipes  and  no  overflows, 
damage  will  frequently  occur  through  bib  cocks 
being  left  running,  but  with  self-closing  cocks 
the  handles  or  levers  must  be  held  until  suffi- 
cient water  has  been  drawn.  A  modification  of 
this  kind  of  valve  is  useful  for  fixing  to  a  wash- 
hand  basin,  but  if  used  for  filling  a  bath  the 
person's  patience  would  be  exhausted  long 
before  the  bath  was  filled.  Fig.  440  is  an  illus- 
tration of  a  bib  valve  which  closes  after  a  given 
quantity  of  water  has  passed  through.  Cocks 


of  this  kind  can  be  made  to  run  from  half  to 
almost  any  number  of  gallons  that  may  be 
necessary.  The  action  of  this  valve  is  very 
simple,  and  not  nearly  so  complex  as  is 
generally  imagined  by  those  who  use  it.  On 
looking  at  the  figure,  which  represents  the  valve 
in  section,  the  centre  piece,  C,  which  is  the 
valve,  is  nicely  fitted  inside  the  cup,  E  E.  The 
valve  piece  is  not  fixed  to  the  cup,  but  is  so 
accurately  fitted  that  it  can  slide  inside.  When 
at  rest  the  valve  covers  the  water  way,  D,  and 
is  kept  there  by  the  pressure  behind  it,  that  is, 
the  valve  closes  with  the  water.  To  open  the 
valve,  the  key  is  turned  in  the  ordinary  way, 
this  raises  the  cup  and  creates  a  partial  vacuum 


on  the  top  of  the  valve.  That  is  raised  also, 
thus  allowing  the  water  to  flow  through  to  the 
nozzle  or  outlet.  An  arrangement  is  made  for 
water  to  enter  the  cup  above  the  "  falling 
valve,"  as  it  is  termed,  which  breaks  the 
vacuum  and  allows  the  valve  to  descend  slowly. 
As  the  water  enters  the  cup,  slowly  or  fast,  so 
the  valve  descends,  and  hv  regulating  the  speed 
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at  which  the  valve  falls  more  or  less  water  is 
allowed  to  pass  through. 

This  cock  is  found  to  be  useful  in  public  places 
where  children  or  mischievous  persons  would 
leave  an  ordinary  cock  open  and  allow  water  to 
run  to  waste.  A  modification  is  used  for  flush- 
ing urinal  basins,  and  in  another  form  for  w.c.'s. 
In  some  of  its  forms,  it  meets  certain  water 
company's,  or  coporation's  requirements,  and  is 
used  under  conditions  where  a  stipulated 
quantity  of  water  is  allowed  for  certain  pur- 
poses. 


FIXING  Bl 

I THINK  it  necessary  to  refer  to  this  subject, 
as,  generally  speaking,  not  one  plumber  in 
twenty  ever  thinks  it  worth  considering.  I 
may  go  further,  and  say  that  not  one  bib-cock 
in  a  hundred  is  fixed  at  all.  A  branch  joint  is 
made  between  the  boss  of  the  cock  and  the 
service-pipe,  the  latter  being  of  lead  is  hooked 
against  the  wall,  but  before  many  days  have 

Note.— Fig.  440  is  reproduced  trom  a  drawing  of 
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elapsed  after  fixing,  the  pipe  is  found  to  be  bent 
and  loose  and  the  cock  not  in  the  same  position 
that  the  plumber  left  it,  owing  to  want  of  proper 
fixing  or  the  hooks  being  too  far  from  the  cock. 

The  first  point  to  consider  is  at  what  height 
should  a  bib-cock  be  fixed .''  Before  replying, 
we  must  first  know  for  what  purpose  the  cock  is 
to  be  used.    No  matter  what  the  primary  pur- 

essrs,  Tyler  &  Sons,  the  Patentees  of  the  Valve. 
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pose  may  be,  a  cock  is  nearly  always  used  at 
some  time  or  other  for  drawing  water  into  a 
pail,  consequently  the  height  of  the  pail  should 
govern  the  height  at  which  the  cock  should  be 
fixed.  Small  house  pails  and  cans  are  about 
9  in.  to  lo  in.  high.  Others,  such  as  slop  pails 
and  stable  buckets,  are  from  12  in.  to  15  in. 
high.  Cocks  should  always  be  fixed  at  least 
2  in.  higher  than  the  pails  or  cans,  but  3  in.  or 
4  in.  would  be  better,  inasmuch  as  the  edge  of 
the  utensil  is  frequently  caught  under  the  nozzle 
of  the  cock,  thus  knocking  it  upwards  and  bend- 
ing the  pipe.  By  constantly  doing  this  and 
straightening  the  pipe,  the  latter  is  often  broken 
close  to  the  cock.  In  addition  to  the  injury  to 
the  cock  and  pipe,  jugs  are  often  broken  by 


catching  under  the  nozzle  of  the  cock,  and  this 
occurs  more  frequently  when  the  latter  is  fixed 

too  low  down.  ,  n     ^  l\ 

The  second  point  is  to  fix  the  cock  firmly.  A, 
Fig.  441,  shows  the   usual   way,   a  a,  being 
ordinary  wall  hooks  driven  into  the  wall.  But 
these  do  not  grip  the  pipe  unless  they  are  driven 
in  so  lightly  as  to  bruise  it.    By  frequent  use 
the  cock  is  knocked  upwards,  as  above  stated, 
and  then  pushed  down  again  until  the  evil  pre- 
stated,  occurs.    B,  in  the  same  figure,  shows 
the  end  of  the  pipe  bent  upwards  and  fixed 
by  the  hooks  b  b.    This  adds  much   to  the 
strength  of  the  fixing,  but  is  not  entirely  satis- 
factory, especially  when  thin  or  light  lead  is 
used     C  shows  the  cock  fixed  on  a  vertical  pipe; 
this  fixing  is  not  any  better  than  that  shown  at 
A  as  the  cock  can  be  easily  bent  sideways  and 
this  often  occurs  when  the  cock  or  valve  is  hard 
to  turn.    The  cock,  as  shown  at  D,   is  an 
improvement  on  the  latter.   No  matter  how  the 
problem  is  varied,  wall  hooks  cannot  be  accepted 
as  being  anything  but  makeshift  fixings,  lor  the 
reason  that,  in  addition  to  supporting  the  weight 
of  pipe  and  cock,  they  have  to  resist  any  move- 
ment of  the  cock  by  knocks  or  turning  the 
handle. 


A  much  stronger  fixing  is  shown  at  E.  This 
consists  of  a  pair  of  Face  "  tacks  soldered  onto 
the  pipe,  as  shown  at  d  d.  The  soldering  be- 
ing done  on  the  front  of  the  tack  instead  of 
behind,  as  in  the  ordinary  way.  Counter-sunk 


FIG  44-2  ^ 


holes  are  made  in  the  tacks  and  screws,  which 
should  be  of  a  good  size  and  strength,  used  for 
fixing  to  wood  blocks  cemented  in  the  wall. 

By  far  the  strongest  fixing  for  a  bib-cock  is  a 
specially  made  boss  with  a  shank  for  building 
in  a  wall,  or  a  flange  for  screwing  to  woodwork, 
as  shown  at  e  and  /  respectively.  Fig.  442. 

When  cocks  are  fixed  inside  enclosed  sinks 
the  pipe  end  should  be  passed  through  a  hole 
from  the  outside  and  tafted  on  the  inside  of  the 
sink,  the  boss  then  soldered  on  by  what  is  known 
as  a  flange  joint.  The  slovenly  way  of  soldering 
the  boss  onto  the  end  of  the  service  pipe  and  then 
laying  the  pipe  in  a  notch  cut  in  the  top  edge  of 
the  sink  is  not  at  all  good,  and  results  in  the 
woodwork  rotting  owing  to  the  continual  wetting 
it  eets  By  such  an  arrangement  the  enclosure 
and  floor  beneath  the  sink  are  rendered  into  a 
chronic  state  of  being  mouldy  and  damp. 
Hundreds  of  sinks  are  found  to  be  thus,  and 
smells  proceeding  from  them. 

To  fix  cocks  to  sinks  that  have  high  backs, 
whether  made  of  stoneware,  fireclay,  lead  or 
copper-lined  deal,  it  is  a  good  plan  to  first 


solder  the  boss  onto  the  lead  pipe,  the  boss  be- 
ing long  enough  for  the  purpose,  then  pass  it 
through  a  hole  cut  through  the  high  back  screw 
a  brass  disc  onto  the  shank  of  the  cock  and 
then  fix  the  cock  in  the  ordinary  way.  Ihe 
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service-pipe  to  be  out  of  sight  behind  the  high 
back  of  the  sink.  The  whole  arrangement  is 
shown  in  section  by  Fig.  443.  The  brass 
flange  being  fixed  as  shown  at  G,  and  fastened 
with  screws  to  the  back  of  the  sink.  With 
stoneware  or  fireclay  sinks  holes  would  have  to 
be  drilled,  and  lead  dowels  run  in  for  the  screws 


to  fasten  to.  The  brass  flanges  are  sometimes 
called  "face  plates,"  and  are  engraved,  to  show 
what  kind  of  water  can  be  drawn  from  the  cock, 
such  as  "Hot,"  "Cold,"  "Rain,"  &c.  These 
face  plates  also  hide  any  irregularity  or  space 
between  the  cock  and  the  sink  if  the  hole  is  cut 
too  large  or  improperly. 


WATER  HAMME 

I DO  not  here  purpose  to  go  into  the  whole 
science  of  hydro-mechanics,  but  to  deal  only 
with  the  subject  of  our  heading  so  far  as  it  is 
necessary  for  the  plumber  to  know  certain 
principles  to  apply  practically  in  his  work  when 
occasion  requires. 

If  it  were  possible  to  have  a  tube  with  sealed 
ends,  a  small  quantity  of  water  in  it,  but  all  the 
air  exhausted,  the  tube  being  placed  upright 
and  then  quickly  reversed,  the  water  would  fall 
to  the  lower  end  and  make  a  noise  which  has 
been  compared  to  that  of  a  hammer  when 
used.  Water  falling  in  a  vacuum  meets  with 
no  resistance,  as  it  would  when  falling  through 
air,  until  it  comes  into  contact  with  a  solid  body 
sufficiently  rigid  to  check  its  forward  move- 
ment, and  the  noise  proceeds  from  the  point  or 
space  of  impact  between  the  water  and  resisting 
body.  When  water  is  flowing  through  a  pipe 
and  is  suddenly  checked,  the  same  noise  is 
made  as  in  the  tube  without  air  inside  it.  The 
noise  proceeds  from  the  knocking  of  the  water 
against  the  end  of  the  pipe  or  whatever  is 
placed  as  a  barrier  to  stop  the  flow.  The  noise 
is  heard  at  every  part  of  the  pipe  throughout 
its  length,  but  not  always  at  the  same  instant  of 
time.  In  the  case  of  a  long  length  ot  service- 
pipe  the  noises  appear  to  repeat  very  quickly, 
so  that  the  water  hammer  then  is  known  as 
"chattering." 

Length  of  pipe  has  a  great  deal  to  do  with  the 
noise,  that  is,  the  longer  the  pipe  the  greater 
the  noise.  Position  of  pipes  appears  to  have 
very  little  effect,  although  the  noises  made  by 
horizontal  pipes  with  a  low  water-pressure  are 
sometimes  louder  than  those  from  vertical  pipes 
supplied  from  a  higher  head.  A  pipe  from  a 
cistern  fixed  a  few  leet  above  a  floor  can  be 
fixed  beneath  the  floor  and  connected  to  a  cock 
over  a  sink  a  considerable  distance  away,  and 
water  hammer  is  still  found  to  occur,  although 
the  noise  is  muffled  to  a  certain  extent.  When 
inspecting  houses  the  writer  frequently  makes 
use  of  this  noise  to  enable  him  to  trace  the  runs 
of  the  service-pipes,  and  also  to  distinguish 
them  from  each  other. 

Another  point  worth  mentioning  is  that  when 
the  service  pipe  and  cock  are  of  the  same 
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nominal  size  the  noise  is  greater  than  when  the 
pipe  is  largest.  This  is  owing  to  the  water 
travelling  at  a  lower  rate  of  speed  in  the  larger 
pipe  and,  consequently,  is  not  checked  in  the 
same  manner  as  with  the  smaller  pipe. 

When  common  bib-cocks,  as  shown  by  Figs. 
432  and  435  are  used,  the  noise  almost 
invariably  occurs  owing  to  the  sudden  stoppage 
oftheflowof  water  when  the  cock  is  quickly 
turned.  The  noise  is  very  rarely  heard  when 
valves  as  Fig.  436,  are  used.  These  valves 
close  very  slowly,  and  thus  gradually  check  the 
flow  of  water  instead  of  doing  so  suddenly. 
Hence  these  valves  are  frequently  used  instead 
of  cocks  to  prevent  noises  in  the  pipes.  It  may 
be  here  mentioned  that  this  kind  of  valve  has 
a  s/aw  thread  on  the  spindle;  so  that  it  cannot 
be  closed  suddenly.  There  are  several  makers 
who  have  valves  with  ^uuA  threads.  These  are 
generally  known  as  "half-turn,"  "quarter-turn," 
&c.  Such  valves  can  be  closed  as  quickly  as 
ordinary  cocks  and  thus  produce  water  hammer, 
but  the  noise  is  not  so  great  with  valves  owing 
to  the  seatings  being  made  of  indiarubber,  or 
other  material  which  is  not  so  hard  and  rigid  as 
the  key  of  a  cock.  These  valves  will  not  resist 
such  a  great  water  pressure  as  those  with  the 
slow  threaded  spindles,  hence  their  suitability 
for  low  pressure  only.  Even  in  the  latter  case 
when  two  valves  have  been  used  on  the  same 
service-pipe,  the  rebound  of  water  caused  by 
the  sudden  closing  of  one  valve  has  forced  the 
other  one  partially  open.  In  such  cases  it  is 
usual  to  screw  the  stuffing  box  so  tight  as  to 
grip  the  spindle  and  trust  to  the  friction  to  keep 
it  from  turning. 

It  is  claimed  that  no  water  hammer  is  heard 
when  the  valve  shown  by  Fig.  439  is  used. 
This  is  termed  a  "  non-concussive  valve."  A 
close  examination  of  the  working  parts  will 
show  that  the  valve  itself  slides  past  the  inlet 
portion  of  the  waterway,  and  in  so  doing, 
gradually  cuts  off  the  water  current.  This  may 
be  ingenious,  but  it  is  doubtful  if  the  principle 
adopted  can  be  trusted  to  entirely  stop  all  water 
hammer  in  the  pipe  to  which  it  is  attached. 

We  have  now  dealt  with  the  causes  of  noises 
and  alluded  to  two  mechanical  means  for  stop- 
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ping  them,  namely,  the  slowly  closing  valves 
and  those  with  the  valves  slidinglpast  the  inlets. 
These  two  methods  are  those  mostly  practised, 
but  they  cannot  be  accepted  as  being  entirely 
satisfactory  ;  and  neither  would  it  be  wise  to 
entirely  trust  to  them.  Not  only  is  the  sound 
of  water  hammer  objectionable,  but  the  force 
engendered  is  frequently  sufficient  to  burst  the 
pipes  or  break  any  delicately  made  parts  of 
valves  or  fittings  in  connection  with  them. 

The  simplest  way  for  explaining  the  amount 
of  force  expended  on  the  msides  of  pipes,  by 
water  hammer,  is  to  first  refer  to  the  method  in 
mechanics  by  which  work  the  effect  of  force  is 
measured.    What  is  known  as  a  "footpound" 
is  generally  accepted  as  the  unit  of  measure- 
ment. In  our  case,  this  would  mean  the  amount 
of  force  represented  by  one  pound  falling  from 
a  height  of  i  ft.  in  a  given  time,  this  being 
known  as   "one  foot   pound."    Ten  pounds 
falling  from  a  height  of  i  ft.  would  be  called  ten 
foot  pounds,  and  one  pound  falling  a  vertical 
distance  of  loft.  would  also  be  called  ten  foot 
pounds,  and   so   on  for   other   weights  and 
heights.    To  apply  this  rule  to  our  question  we 
can^assume  that  a  pipe  is  filled  with  water  from 
a  cistern  or  reservoir  lo  ft.  above  the  lowest  end. 
We  know  that  the  pressure  of  water,  under 
ordinary  conditions,  in  any  vessel,  is  equal  to 
'4335  lbs.  per  square  inch  of  surface  for  each 
foot  of  head.    From  a  cistern,  the  surface  of 
the  water  in  which  is  loft.  above  it,  the  pressure 
on  the  end  of  the  pipe  would  be  4"33S  lbs.  on 
each  square  inch  of  surface.    But  this  is  simply 
"  dead  weight  "  of  water,  and  we  should  have  to 
multiply  it  by  the  distance  the  water  has  fallen 
to  find  the  momentum  and  from  that  the  burst- 
ing force  expended  inside  the  pipe  when  the 
momentum  is  checked.    Those  who  know  the 
action  of  a  hydraulic  ram  will  better  understand 
this  when  they  are  reminded  that  with  a  head 
of  I  ft.,  Isufficient  power  is  exerted  to  force  a 
portion  of  the  same  water  to  a  height  of  8  ft.  to 
loft.  above  the  machine,  and  with  a  height  of 
lo  ft.  of  driving  head  water  can  be  raised  80  ft. 
to  100 ft.    One  ram  in  the  market  is  advertised 
that  it  will  raise  water  thirty  times  higher  than 
the  fall  or  head  of  water  above  it.  The  success- 
ful working  of  a  ram  depends  amongst  other 
things,  on   the  suddenness  with  which  the 
momentum  of  the  water  is  checked.  This 
causes  violent  water  hammer,  which  is  not  only 
heard  at  the  ram  but  also  at  the  extremity  ot 
the  drive-pipe  in  the  reservoir,  which  may  be 
100  yards  away.    But  for  the  air  vessel  on  the 
ram  the  noise    caused   by    water  hammer 
would  be  heard  at  the  end  of  the  delivery-pipe, 
even  if  in  a  house  a  mile  away  from  the  ram. 
This  noise  is  a  frequent  cause  of  complaint  and 
invariably  takes  place  when  the  air  has  been 
exhausted  and  the  air  vessel  has  become  water- 
logged or  filled  with  water.    The  action  of  a 
ram  will  be  explained  at  a  future  time;  it  has 
only  been  referred  to  here  to  more  clearly 
explain  the  root  of  our  subject.    With  a  know- 
ledge of  the  causes  we  can  now  proceed  to  deal 


with  the  remedies.  Slowly  closing  valves  for 
this  have  already  been  referred  to,  and  also 
valves  with  elastic  seatings.  Before  dealing 
with  the  next  remedy  it  will  be  necessary  to 
refer  to  atmospheric  air. 

Atmospheric  air  always  occupies  a  certain 
amount  of  space,   and  this  space  depends, 
amongst  other  things,  on  the  position  of  it  with 
regard  to  the  earth's  surface,  that  is,  the  air  near 
the  earth  occupies  less  space  than  an  equal 
amount  would  at  any  height  above.    Air  near 
the  earth  is  compressed  by  that  above  it,  this 
pressure  being   generally  accepted  as  being 
15  lbs.  (more  exactly  147  lbs.)  on  each  square 
inch  of  surface.    This  pressure  is  exerted  not 
only  downwards,  but  upwards  and  sideways,  at 
the  same  level  to  the  same  extent.    This  is 
sometimes  called  a  pressure  of  one  atmosphere. 
Not   only   can   air  be   compressed,   but  by 
mechanism  it  can  be  made  to  return  to  the 
same  density  at  the  earth's  surface  as  it  has 
some  considerable  distance  above  it.      If  a 
quantity  of  air  was  enclosed  in  a  tube  made  as 
Fig.  444,  the  two  ends  being  left  open,  the 
atmosphere  would  press  downwards,  as  shown 
by  the  arrows,  equally,  and  the  air  inside  the 
tube  would  be  of  the  same   density  as  that 
outside.    If  a  tightly  fitting  piston  was  pushed 
down  one  of  the  legs  the  air  would  still  occupy 
the  same  amount  of  space,  only  that  a  portion 
of  it  would  be  pushed  out  of  the  tube.    But  if 
we  were  to  first  seal  up  the  open  end  of  the 
tube,  and  make  it  air  tight,  then  push  down  the 
piston  in  the  other  leg,  the  contained  air  would 
be  compressed  and   occupy  a  lesser  space. 
The  amount  of  this  space  would  depend  upon 
the  amount  of  power  expended  on  the  piston. 
That  is,  if  a  pressure  equal  to  15  lbs.  on  a 
square  inch  of  surface  was   applied  to  the 
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end  of  the  piston  the  air  inside  the  tube  would 
be  made  lo  occupy  about  half  the  space  it  did, 
and  would  then  be  considered  as  being  under 
two  atmospheres  of  pressure.  If  the  piston  was 
held  down  by  means  of  a  weight,  immediately 
the  latter  was  removed,  the  piston  would  De 
forced  upwards.  This  would  arise  from  the  ex- 
pansive force  of  air  in  reunnini;  to  its  ordinary 
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bulk.  Air  can  be  made  less  dense  and  to 
occupy  a  larger  space  than  it  generally  does  by 
simply  enclosing  a  portion  of  it  and  removing 
all  external  pressure.  To  make  this  clear,  we 
will  assume  an  indiarubber  bag  filled  with  a 
small  quantity  of  air.  If  this  were  placed  in  the 
glass  receiver  of  an  air  pump,  and  the  air  then 
pumped  out  of  the  receiver,  the  indiarubber 
bag  would  be  found  to  grow  larger  and  larger 
as  the  air  inside  became  expanded  through  no 
longer  being  subjected  to  external  pressure  from 
the  atmosphere.  Unless  the  bag  was  a  very 
strong  one  it  would  keep  on  expanding  until  it 
burst  by  the  internal  pressure  of  the  air.  If, 
instead  of  going  to  this  extreme,  air  was  let  into 
the  receiver,  the  indiarubber  bag  would  at  once 
return  to  its  original  size  and  condition.  Thus 
showing  that  the  air  above  us  is  an  elastic  fluid, 
which  can  be  compressed  into  a  lesser  space  or 
expanded  so  as  to  fill  a  larger  one.  To  do 
either  of  these,  a  certain  amount  of  force  is 
necessary,  but  immediately  the  force  is  removed 
the  air  will  return  to  its  ordinary  condition. 

These  properties  of  air  are  made  use  of  by 
engineers  in  a  great  many  forms,  and,  amongst 
the  rest,  to  prevent  water  hammer  in  pipes,  &c. 
Bib  valves  have  been  made  with  hollow 
spindles,  the  hollow  being  filled  with  air,  which 
is  pent  up  and  cannot  escape.  On  closing  the 
valve  suddenly  the  water  knocks  against  the  air 
in  the  spindle;  this  acts  as  a  pad  or  cushion  to 
deaden  the  noise,  and  also  to  gradually  check 
the  velocity  of  the  water.  It  is  doubtful  if  this 
valve  is  a  thorough  success,  the  amount  of  con- 
fined air  being  so  very  small. 

Any  flexible  kind  of  ball  filled  with  air  and 
placed,  and  kept,  in  the  proper  position  inside  a 
service  pipe  will  act  as  a  buffer  for  water  to 
knock  against.  The  ball  is  not  recommended, 
owing  to  the  material  of  which  it  is  made 
being  liable  to  corrosion,  so  that  after  a  time  it 
would  be  useless.  Spring  buffers  have  been 
suggested  for  use,  but  all  machinery  is  bound  to 
break  down  sooner  or  later,  and  neither  can  any 
really  good  substitute  be  found  for  air. 

Referring  again  to  Fig.  444,  and  assuming 
that  the  end  a  is  airtight,  and  b  is  continued  to 
a  cistern  some  distance  above,  filled  with 
water,  the  air  in  a  would  be  compressed  in  the 
same  manner  as  when  the  piston  was  used.  If 
a  bib  cock  was  branched  in  as  shown  by  the 
dart  at  c,  and  this  cock  was  opened,  the  water 
that  was  in  the  leg  a  would  immediately  fall  to 
a  lower  level  and,  in  some  cases,  disappear,  if 
seen  jn  a  glass  tube,  but  on  closing  the  cock 
suddenly  the  water  would  again  appear  in  the 
tube,  but  at  a  higher  level  than  before.  This 
shows  that  the  impetus  of  the  water  was  suffi- 
ciently powerful  to  compress  the  air  in  the  tube 
beyond  the  density  caused  by  the  dead  weight 
of  the  water  when  not  in  motion.  So  soon  as 
the  air  has  been  compressed  sutificiently  to  over- 
come the  water  that  has  been  forced  into  the 
tube,  a  reaction  takes  place  and  the  air  pushes 
the  water  out  of  the  tube  again.  Sometimes 
this  is  done  so  violently,  and  the  water  has 


such  an  impetus  given  to  it,  that  it  will  flow 
back  up  the  pipe  again,  eventually  returning. 
On  watching  an  air  vessel  made  of  glass  it  will 
be  found  that  the  surface  of  the  water  will  not 
stand  steady  for  some  little  time  after  it  has 
been  put  in  motion  in  the  manner  described, 
thus  showing  that  the  weight  of  the  water  and 
the  resistance  offered  by  the  compressed  air 
must  be  in  a  state  of  equilibrium  before  the 
motion  as  seen  in  an  air  vessel  is  arrested.  If 
the  whole  of  the  air  was  exhausted  out  of  the 
tube  a,  the  above  action  would  not  take 
place,  and  we  should  then  again  have  water 
hammer. 

If  a  tiny  hole,  say  the  size  of  a  pm,  was  made 
in  the  end  of  the  tube  at  a,  a  small  jet  of  water 
would  play  up  as  a  fountain,  but  by  opening 
and  shutting  the  bib  cock  at  t  this  jet  would  fall 
and  rise  in  height  as  the  cock  was  opened  and 
shut.  Water  hammer  would  still  be  heard,  but 
if  instead  of  the  small  hole  a  larger  one  was 
made,  the  noise  would  be  overcome.  This 
leads  away  to  another  part  of  our  problem,  but 
we  will  leave  it  for  the  time  being  and  confine 
ourselves  to  our  present  subject. 

Experience  has  taught  us  the  value  of 
chambers  containing  air  as  buffers,  or  cushions, 
for  slowly  arresting  the  flow  of  water  in  pipes 
and  preventing  sudden  shocks.  To  be 
thoroughly  efficient  the  air  vessel  should  be 
placed  as  near  the  cock  as  possible,  and  in  such 
a  position  that  the  column  of  water  is  directed 
onto  the  body  of  air.  B,  Fig.  441  shows  the 
end  of  the  pipe  turned  upwards.  The  illustra- 
tion was  used  to  draw  attention  to  a  means  for 
strengthening  the  fixing  of  a  service  pipe  with  a 
cock  attached,  but  a  further  use  is  that  the  pent 
up  air  in  the  turned  up  end  acts  as  an  air  vessel. 
For  this  latter  use  the  small  piece  of  pipe  is 
much  too  small,  and  contains  too  little  air  to  be 
of  any  real  value.  This  could  be  obviated  by 
making  the  turned  up  piece  of  pipe  much 
longer,  so  as  to  contain  more  air.  A  further 
reason  for  enlarging  the  pipe  is  because  after  a 
time  a  great  deal  of  the  air  will  become  ab- 
sorbed by  the  water.  A  small  quantity  will 
also  escape  each  time  the  cock  is  opened. 
This  may  be  explained  by  saying  that  owing  to 
the  friction  of  the  water  in  the  pipe  some  air  will 
escape  from  the  nozzle  of  the  cock,  when  sud- 
denly opened,  before  the  entire  column  of  water 
is  put  in  motion.  The  interval  of  time  for  this 
may  be  only  a  fraction  of  a  second,  but  great 
events  often  occur  in  that  length  of  time.  A 
small  size  pipe  does  not  make  such  a  good  air 
vessel  as  one  of  a  larger  size.  For  a  f  in.  pipe 
a  2  in.  air  vessel  acts  very  well.  The  cross  sec- 
tional area  of  a  2  in.  pipe  is  equal  to  a  little  over 
seven  times  that  of  a  J  in.  pipe,  hence  the.larger 
amount  of  air  surface  for  the  water  to  knock 
against. 

Fig.  445  illustrates  a  few  dif?erent  methods  of 
fixing  air  vessels,  A  being  the  one  last  referred 
to.  The  chamber  is  shown  as  fixed  to  a  wall 
with  face  tacks  and  screws  or  nails.  The  darts 
in  all  cases  denote  the  direction  of  the  wate 
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The  adjoining  sketch  B  is  another  method,  the 
dotted  lines  show  the  service-pipe  continued 
inside  the  pipe  nearly  to  the  bottom.  But  for 
this,  all  air  would  escape  up  the  service-pipe, 
and  there  would  be  nothing  to  prevent  water- 
hammer.  The  sketch  C  shows  a  globular,  or 
balloon-shaped  air-vessel,  branched  into  the  top 
side  of  the  service-pipe;  and  F  shows  a  com- 
mon way  for  treating  a  vertical  service-pipe. 

Very  often  the  pipe  is  treated  as  shown  at  D, 
but  this  is  not  nearly  so  good  as  the  others. 
The  writer  once  saw  the  end  E  soldered  into 
the  service-pipe,  and  the  plumber  was  under 
the  impression  that  the  water  would  run  round 
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the  pipe  as  shown  by  the  arrows.  Of  course, 
this  was  a  mistake,  and  some  trouble  was 
necessary  to  disprove  the  use  of  the  pipe  as 
arranged.  When  plumbers  make  air  vessels 
out  of  lead  pipe  they  should  always  be  very 
careful  to  propeily  seal  the  ends.  It  is  a  good 
plan  to  first  close  the  end,  by  bossing,  and  then 
solder  it  over  with  fine  solder,  using  a  copper- 
bit  for  the  purpose.  When  the  end  is  "  wiped  " 
over,  and  common  plumber's  solder  used,  the  air 


will  frequently  escape  owing  to  the  porosity 
of  the  solder,  more  especially  when  it  is  coarse 
or  wiped  too  cold.  The  other  extreme  of  wip- 
ing the  end  when  the  pipe  is  too  hot,  should 
be  avoided.  Wiped  joints  and  ends  will  often 
be  found  to  "sweat,"  as  it  is  called,  when  the  sol- 
der used  is  too  hot  or  the  joint  wiped  two  or  three 
times  in  quick  succession,  so  that  eventually  the 
pipe  becomes  so  heated  that  after  the  joint  has 
been  made  the  heat  of  the  pipe  is  sufficient  to 
keep  the  tin  in  the  solder  melted,  so  that  it  will 
run  to  the  lower  part,  thus  leaving  the  lead  in 
what  may  be  called  a  spongy  condition.  The 
small  cellules,  left  by  the  separation  of  the  tin, 
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will  allow  air  or  water  to  ooze  through.  If  the 
air  escapes  by  any  means  out  of  an  air  vessel  it 
then  becomes  useless.  Another  point  to 
remember  is  that  an  air  vessel  should  always  be 
made  of  stout  material,  and,  if  of  lead,  the  lead 
should  be  of  a  good  thickness.  It  is  sometimes 
thought  that  the  vessel  is  to  hold  air  only,  and 
light  lead  is  good  enough  for  the  purpose.  I 
have  seen  a  vessel  3  in.  in  diameter  swell  out  in 
the  centre,  as  shown  by  Fig.  446.  As  the  sides 
bulge  outwards  the  lead  is  reduced  in  substance. 
Thil  bulging  would  continue  until  the  vessel 
burst.  True,  air  only  is  in  the  vessel  before 
using  it,  but  when  in  use  the  air  is  compressed, 
according  to  the  head  of  water,  into  a  smaller 
space,  in  some  cases,  piobably  to  the  dotted 
line  shown  in  the  figure.  The  pressure  of  water 
in  the  vessel  may  be  only  about  10  lbs.  on  the 
square  inch,  but  this  is  sometimes  raised  con- 
siderably, and  may  be  from  100  to  200  lbs.  per 
square  inch  when  the  flow  of  water  in  the  pipes 
is  suddenly  checked.  A  3  in.  pipe  made  of  lead 
I -5th  of  an  inch  in  thickness  will  only  resist  a 
pressure  of  about  300  lbs.  on  the  square  inch,  so 
you  will  see  the  necessity  of  making  air  vessels 
very  strong. 

From  what  has  been  stated  you  will  understand 
that  air  vessels  are  the  right  things  to  use  to  pre- 
vent water-hammer,  but  1  must  now  go  further 
and  explain  that  under  certain  conditions  they 
will  aggravate  matters  and  increase  the  noises 
in  water-pipes — made  when  opening  and  shut- 
ting cocks.    To  make  this  clear,  I  cannot  do 
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better  than  give  a  few  examples  of  where  this 
has  been  the  case. 

Fig.  447  represents  a  row  of  W.C.'s,  each  one 
being  flushed  by  means  of  a  branch  from  an 
i^in.  lead  service-pipe,  and  a  valve  and  regulator 
on  an  iron  frame,  screwed  to  the  floor.  These 
are  omitted  in  the  drawing.  The  cistern 
A  was  about  10  ft.  above  the  floor.  The  closets 
were  fixed  in  a  large  institution  and  were  in 
constant  use.  No  matter  how  carefully  the 
valve  regulators  were  adjusted,  one  or  other  of 
them  would  irequently  get  out  of  order  and 
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close  so  quickly  as  to  start  water-hammer  in  the 
pipeir.  All  the  valves  would  then  commence 
chattering.  Air  vessels  were  tried  as  a  remedy, 
but  no  matter  where  they  were  fixed  in  the 
service-pipe  or  what  their  size,  the  noises  were 
much  worse  than  before  the  air  vessels  were 
used.  As  a  last  resource  the  main  service-pipe 
was  continued,  as  shown  by  dotted  line,  back  to 
the  cistern  and  turned  over  the  top  edge.  This 
acted  as  a  relief-pipe,  and  the  force  of  the  water 
was  spent  in  pushing  the  water  out  of  the  top 
end  of  the  pipe  instead  of  on  the  valve  seatings. 

A  second  case  is  shown  by  Fig.  448.  Here 
four  valve  w.c's,  with  valves  and  regulators  for 
flushing,  were  fixed  on  different  floors.  After 
using  one  of  the  w.c's  the  service-valves  of  one 
of  the  others  would  chatter.  On  adding  an 
additional  weight  to  the  lever  of  that  one  an- 
other would  become  troublesome,  on  weighting 
that  a  third  one  would  commence  to  hum,  and 
so  on  until  so  many  weights  had  been  added  to 
the  valve-levers  as  to  make  them  so  heavy  that 
it  became  quite  a  labour  to  raise  the  w.c. 
handles.  Air  vessels  were  tried,  but  the  evils 
were  made  worse  instead  of  better.  Finally  it 
was  decided  to  put  an  additional  cistern,  as 
shown  by  dotted  lines,  to  supply  the  two  lower 
w.c's,  and  this  was  found  to  answer  the  pur- 
pose of  curing  the  noises  in  the  pipes. 

A  third  case  was  in  a  palace,  where  a  valve 
w.c.  and  a  bath  were  fixed  side  by  side  and 
supplied  from  the  same  service-pipe.  When- 
ever the  valve  to  the  bath  was  opened  and  shut, 
that  on  the  w.c  would  commence  to  hum,  and 
the  lever  to  vibrate  up  and  down.  The  way 
this  was  cured  may,  when  compared  with  pre- 
vious examples,  seem  paradoxical.  The  supply- 
valve  to  the  bath  was  opened  by  means  of  a 
lever  with  a  knob  and  chain.  On  attaching  a 
bellows  regulator  to  the  lever  so  that  the  valve 
could   not  close   suddenly,  the   noises  were 


entirely  cured.  An  air  vessel  in  this  case,  too, 
had  been  found  useless. 

One  more  illustration  is  shown  by  Fig.  449. 
In  this  case  the  pipe  from  a  cistern  flushed  two 
valve  w.c's,  B  B,  and  also  supplied  two  wash- 
basins, C  C,  which  had  "  cam-action"  valves  to 
them.  These  valves  closed  by  means  of  springs 
inside  them.  On  using  either  of  the  basm- 
valves,  those  to  the  w.c  would  commence  to 
hum,  and  vice  versa.    On  fixing  an  air  vessel, 
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the  sounds  were  converted  from  a  hum  into  a 
chatter— if  the  reader  can  understand  the 
difference  in  those  terms.  After  a  great  many 
experiments  had  been  tried,  it  was  finally 
decided  to  fix  a  separate  pipe  for  the  wash- 
basins, and  this  was  found  to  be  a  success. 

The  writer  has  had  experiences  where  a  long 
row  of  wash-basins  has  been  supplied  from  the 
same  service-pipe,  by  means  of,  so-called,  self- 
closing-valves,  where  one  of  them  has  had  a 
very  weak  spring  to  it,  and  that  one  has  started 
humming  when  any  of  the  others  has  been  used. 
When  this  occurs,  an  air  vessel  has  rarely  been 
found  to  be  of  any  use,  but  rather  otherwise. 
The  valves  made  on  the  principle  illustrated 
by  Fig.  439,  have  been  found  fairly  successful 
when  fixed  under  these  condition. 

Air  vessels  should  always  be  fixed  when 
water  hammer  takes  place  with  bib-cocks;  but 
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when  the  noise  partakes  more  of  the  nature  of 
chattering  or  humming,  as  is  the  case  with 
spring,  and  other  kinds  of  self-closing-valves, 
the  air  vessels  have  not  always  been  found  to 
be  a  success.  It  is  difficult  to  summarise  what 
has  been  said  so  as  to  apply  to  all  or  any  cases 
of  water-hammer  that  may  turn  up  in  practice, 
because  no  two  cases  are  exactly  similar.  The 
least  variation  in  any  detail  will  sometimes  so 
alter  matters  that  a  remedy  in  one  case  would 
not  be  so  in  another.  After  what  has  been 
said  the  reader  will  doubtless  know  which 
remedy  to  apply  when  called  upon  to  deal  with  a 
problem  similar  to  any  that  have  been 
described.  We  shall  deal  with  drop-valves  in 
cisterns  and  the  noises  they  sometimes  make, 
when  we  enter  on  the  subject  of  service-boxes. 
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APPENDIX. 


PUBLIC   HEALTH    (LONDON)   ACT,  1891. 


BE  it  enacted  by  the  Queen's  most  Excellent 
Majesty,  by  and  with  the  advice  and  consent  of 
the  Lords  Spiritual  and  Temporal,  and  Commons,  in 
this  present  Parliament  assembled,  and  by  the 
authority  of  the  same,  as  follows : — 

1.  Sanitary  authority  to  inspect  district  for  detection  of 
nuisances. — It  shall  be  the  duty  of  every  sanitary 
authority  to  cause  to  be  made  from  time  to  time 
inspection  of  their  district,  with  a  view  to  ascertain 
what  nuisances  exist  calling  for  abatement  under  the 
powers  of  this  Act,  and  to  enforce  the  provisions  of 
this  Act  for  the  purpose  of  abating  the  same,  and 
otherwise  to  put  in  force  the  powers  vested  in  them 
relating  to  public  health  and  local  government,  so  as 
to  secure  the  proper  sanitary  condition  of  all  premises 
within  their  district. 

Nuisances  (General.) 

2.  What  nuisances  may  he  abated  summarily . — (i.)  For 
the  purposes  of  this  Act, — 

(a.)  Any  premises  in  such  a  state  as  to  be  a  nuisance 
or  injurious  or  dangerous  to  health  ; 

(b.)  Any  pool,  ditch,  gutter,  watercourse,  cistern, 
watercloset,  earth  closet,  privy,  urinal,  cesspool, 
drain,  dung-pit,  or  ashpit  so  foul  or  in  such  a  state 
as  to  be  a  nuisance  or  injurious  or  dangerous  to 
health ; 

(c.)  Any  animal  kept  in  such  place  or  manner  as  to 
be  a  nuisance  or  injurious  or  dangerous  to  health  ; 

id.)  Any  accumulation  or  deposit  which  is  a 
nuisance  or  injurious  or  dangerous  to  health  ; 

(e.)  Any  house  or  part  of  a  house  so  overcrowded  as 
to  be  injurious  or  dangerous  to  the  health  of  the 
inmates,  whether  or  not  members  of  the  same 
family ; 

(f )  Any  such  absence  from  premises  of  water 
fittings  as  is  a  nuisance  by  virtue  of  section  thirty- 
three  of  the  Metropolis  Water  Act,  187 1,  set  out 
in  the  First  Schedule  to  this  Act ;  and 
[g.)  Any  factory,  workshop,  or  workplace  which  is 
not  a  factory  subject  to  the  provisions  of  the 
Factory  and  Workshop  Act,  1878,  34  &  35  Vict, 
c.  113,  and  41  &  42  Vict.  c.  16,  relating  to  cleanli- 
ness, ventilation,  and  overcrowding,  and 

(i.)  is  not  kept  in  a  cleanly  state  and  free  from 
effluvia  arising  from  any  drain,  privy,  earth 
closet,  watercloset,  urinal,  or  other  nuisance, 
or 


(ii.)  is  not  ventilated  in. such  a  manner  as  to 
render  harmless  as  far  as  practicable  any 
gases,   vapours,  dust,  or  other  impurities 
generated  in  the  course  of  the  work  carried 
on  therein  that  are  a  nuisance  or  injurious 
or  dangerous  to  health,  or 
(iii.)  is  so  overcrowded  while  work  is  carried 
on  as  to  be  injurious  or  dangerous  to  the 
health  of  those  employed  therein, 
shall  be  nuisances  liable  to  be  dealt  with  summarily 
under  this  Act. 

(2.)  Provided  that— 

(i.)  Any  accumulation  or  deposit  necessary  for  the 
effectual  carrying  on  of  any  business  or  manu- 
facture shall  not  be  punishable  as  a  nuisance 
under  this  section,  if  it  is  proved  to  the  satisfaction 
of  the  court  that  the  accumulation  or  deposit  has 
not  been  kept  longer  than  is  necessary  for  the 
purposes  of  the  business  or  manufacture,  and  that 
the  best  available  means  have  been  taken  for 
preventing  injury  thereby  to  the  public  health; 
and 

(ii.)  In  considering  whether  any  dwelling-house  or 
part  of  a  dwelling-house  which  is  used  also  as  a 
factory,  workshop,  or  workplace,  or  whether  any 
factory,  workshop,  or  workplace  used  also  as  a 
dwelling-house,  is  a  nuisance  by  reason  of  over- 
crowding, the  court  shall  have  regard  to  the 
circumstance  of  such  other  user. 

3.  Information  of  nuisances  to  sanitary  authority. — 
Information  of  a  nuisance  liable  to  be  dealt  with 
summarily  under  this  Act  in  the  district  of  a  sanitary 
authority  may  be  given  to  that  authority  by  any 
person,  and  it  shall  be  the  duty  of  every  officer  of 
that  authority  and  of  every  relieving  officer,  in  accor- 
dance with  the  regulations  of  the  authority  having 
control  over  him,  to  give  that  information ;  and  it 
shall  be  the  duty  of  the  said  authority  to  make  the 
said  regulations,  and  also  the  duty  of  the  sanitary 
authority  to  give  such  directions  to  their  officers  as 
will  secure  the  existence  of  the  nuisance  being 
immediately  brought  to  the  notice  of  any  person  who 
may  be  required  to  abate  it,  and  the  officer  shall  do 
so  by  serving  a  written  intimation. 

4.  Notice  requiring  abatement  of  nuisance. — (r.)  On 
the  receipt  of  any  information  respecting  the  existence 
of  a  nuisance  liable  to  be  dealt  with  summarily  under 
this  Act  the  sanitary  authority  shall,  if  satisfied  of  the 
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existence  of  a  nuisance,  serve  a  notice  on  the  person 
by  whose  act,  default,  or  sufferance  the  nuisance  arises 
or  continues,  or,  if  such  person  cannot  be  found,  on 
the  occupier  or  owner  of  the  premises  on  which  the 
nuisance  arises,  requiring  him  to  abate  the  same 
within  the  time  specified  in  the  notice,  and  to  execute 
such  works  and  do  such  things  as  may  be  necessary 
for  that  purpose,  and,  if  the  sanitary  authority  think 
it  desirable  (but  not  otherwise)  specifying  any  works 
to  be  executed. 

(2.)  The  sanitary  authority  may  also  by  the  same 
or  another  notice  served  on  such  occupier,  owner,  or 
person  require  him  to  do  what  is  necessary  for  pre- 
venting the  recurrence  of  the  nuisance,  and,  if  they 
think  it  desirable,  specify  any  works  to  be  executed 
for  that  purpose,  and  may  serve  that  notice  notwith- 
standing that  the  nuisance  may  for  the  time  have 
been  abated,  if  the  sanitary  authority  consider  that  it 
is  likely  to  recur  on  the  same  premises. 

(3.)  Provided  that — 

(a.)  where  the  nuisance  arises  from  any  want  or 
defect  of  a  structural  character,  or  where  the 
premises  are  unoccupied,  the  notice  shall  be 
served  on  the  owner  : 
(b.)  where  the  person  causing  the  nuisance  cannot 
be  found,  and  it  is  clear  that  the  nuisance  does 
not  arise  or  continue  by  the  act,  default,  or 
sufferance  of  the  occupier  or    owner   of  the 
premises,  the  sanitary  authority  may  themselves 
abate  the  same  and  may  do  what  is  necessary  to 
prevent  the  recurrence  thereof : 
(e.)  where  the  medical  officer  of  health  certifies  to 
the  sanitary  authority  that  any  house  or  part  of 
a  house  in  their  district  is  so  overcrowded  as  to 
be  injurious  or  dangerous  to  the  health  of  the 
inmates,  whether  or  not  members  of  the  same 
family,  the  sanitary  authority  shall  take  pro- 
ceedings under  this  section  for  the  abatement  of 
such  nuisance : 
(d.)  where  the  nuisance  is  such  absence  of  water- 
fittings  as  is  declared  a  nuisance  by  section 
thirty-three  of  the  Metropolis  Water  Act,  1871 
(set  out  in  the  First  Schedule  to  this  Act),  34  &  35 
Vict.  c.  113,  such  absence  shall  be  deemed  to 
render  the  premises  unfit  for  human  habitation, 
unless  and  until  the  contrary  is  shown  to  the 
satisfaction  of  the  court. 
(4.)  Where  a  notice  has  been  served  on  a  person 
under  this  section,  and  either — 

(a.)  the  nuisance  arose  from  the  wilful  act  or  default 

of  the  said  person  ;  or 
(b.)  such  person  makes  default  in  complying  with 
any  of  the  requisitions  of  the  notice  within  the 
time  specified, 
he  shall  be  liable  to  a  fine  not  exceeding  ten  pounds 
for  each  offence,  whether  any  such  nuisance  order 
as  in  this  Act  mentioned  is  or  is  not  made  upon  him. 

5  On  non-compliance  with  notice,  order  to  be  made.— 
(i .)  if  either— 
la.)  the  person  on  whom  a  notice  to  abate  a  nuisance 
has  been  served  as  aforesaid  makes  default  in 
complying  with  any  of  the  requisitions  thereof 
within  the  time  specified  ;  or 
(6.)  the  nuisance,  although  abated  since  the  service 
of  the  notice,  is,  in  the  opinion  of  the  sanitary 
authority  likely  to  recur  on  the  same  premises, 
the  sanitary  authority  shall  make  a  complaint,  and 
the  petty  sessional  court  hearing  the  complaint  may 
make  on  such  person  a  summary  order  (in  this  Act 
referred  teas  a  nuisance  order). 


(2.)  A  nuisance  order  may  be  an  abatement  order,  a 
prohibition  order,  or  a  closing  order,  or  a  combina- 
tion of  such  orders. 

(3.)  An  abatement  order  may  require  a  person  to 
comply  with  all  or  any  of  the  requisitions  of  the 
notice,  or  otherwise  to  abate  the  nuisance  within  a 
time  specified  in  the  order. 

(4.)  A  prohibition  order  may  prohibit  the  recurrence 
ot  a  nuisance. 

(5.)  An  abatement  order  or  prohibition  order  shall, 
if  the  person  on  whom  the  order  is  made  so  requires, 
or  the  court  considers  it  desirable,  specify  the  works 
to  be  executed  by  such  person  for  the  purpose  of 
abating  or  preventing  the  recurrence  of  the  nuisance. 

(6.)  A  closing  order  may  prohibit  a  dwelling-house 
from  being  used  for  human  habitation. 

(7.)  A  closing  order  shall  only  be  made  where  it  is 
proved  to  the  satisfaction  of  the  court  that  by  reason 
of  a  nuisance  a  dwelling-house  is  unfit  for  human 
habitation,  and  if  such  proof  is  given  the  court  shall 
make  a  closing  order,  and  may  impose  a  fine  not 
exceeding  twenty  pounds. 

(8.)  A  petty  sessional  court,  when  satisfied  that  the 
dweiling-house  has  been  rendered  fit  for  human 
habitation,  may  declare  that  it  is  so  satisfied  and 
cancel  the  closing  order. 

(9.)  If  a  person  fails  to  comply  with  the  provisions 
of  a  nuisance  order  with  respect  to  the  abatement  of 
a  nuisance  he  shall,  unless  he  satisfies  the  court 
that  he  has  used  all  due  diligence  to  carry  out  such 
order,  be  liable  to  a  fine  not  exceeding  twenty 
shillings  a  day  during  his  default ;  and  if  a  person 
knowingly  and  wilfully  acts  contrary  to  a  prohibition 
or  closing  order  he  shall  be  liable  to  a  fine  not  ex- 
ceeding forty  shillings  a  day  during  such  contrary 
action;  moreover  the  sanitary  authority  may  enter 
the  premises  to  which  a  nuisance  order  relates,  and 
abate  or  remove  the  nuisance,  and  do  whatever  may 
be  necessary  in  execution  of  such  order. 

6  Provision  as  to  appeal  against  order.— {i.)  Where 
a  person  appeals  to  the  court  of  quarter  sessions 
against  a  nuisance  order,  no  liability  to  a  fine  shall 
arise,  nor,  save  as  in  this  section  mentioned,  shall  any 
proceedings  be  taken  or  work  done  under  such  order 
until  after  the  determination  or  abandonment  of  such 
appeal. 

(2)  There  shall  be  no  appeal  to  quarter  sessions 
against  a  nuisance  order,  unless  it  is  or  includes  a 
prohibition  or  closing  order,  or  requires  the  execution 
of  structural  works. 

(3.)  Where  a  nuisance  order  is  made  and  a  person 
does  not  comply  with  it  and  appeals  against  it  to  the 
court  of  quarter  sessions,  and  such  appeal  is  dismissed 
or  is  abandoned,  the  appellant  shall  be  liable  to  a  fine 
not  exceeding  twenty  shillings  a  day  during  the  non- 
compliance with  the  order,  unless  he  satisfies  the 
court  before  whom  proceedings  are  taken  tor  imposing 
a  fine  that  there  was  substantial  ground  for  the 
appeal,  and  that  the  appeal  was  not  brought  merely 
for  the  purpose  of  delay,  and  where  the  appeal  if 
heard  by  the  court  of  quarter  sessions,  that  court 
may,  on  dismissing  the  appeal,  impose  the  fine  as  if 
the  court  were  a  petty  sessional  court. 

(4)  Where  a  nuisance  order  is  made  on  any  person 
and  appealed  against,  and  the  court  which  made  the 
order  is  of  opinion  that  the  continuance  of  the 
nuisance  will  be  injurious  or  dangerous  to  health,  and 
that  the  immediateabatement  thereof  will  not  cause  any 
injury  which  cannot  be  compensated  by  damages,  the 
court  may  authorise  thesanitary  authority  immediately 
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to  abate  the  nuisance ;  but  the  sanitary  authority,  if 
they  do  so,  and  the  appeal  is  successful,  shall  pay  the 
cost  of  such  abatement  and  the  damages  (if  any) 
sustained  by  the  said  person  by  reason  of  such 
abatement ;  but,  if  the  appeal  is  dismissed  or  aban- 
doned, the  sanitary  authority  may  recover  the  cost  of 
the  abatement  in  a  summary  manner  from  the  said 
person. 

7.  Provision  in  case  of  two  convictions  for  overcrowding. 
— Where  two  convictions  for  offences  relating  to  the 
overcrowding  of  a  house  or  part  of  a  house  in  any 
district  have  taken  place  within  a  period  of  three 
months  (whether  the  persons  convicted  were  or  were 
not  the  same),  a  petty  sessional  court  may,  on  the 
application  of  the  sanitary  authority,  order  the  house 
to  be  closed  for  such  period  as  the  court  may  deem 
necessary. 

8.  In  certain  cases  order  may  be  addressed  to  sanitary 
authority. — Whenever  it  appears  to  the  satisfaction  of 
the  petty  sessional  court  that  the  person  by  whose 
act,  default,  or  sufferance,  a  nuisance  liable  to  be 
dealt  with  summarily  under  this  Act  arises  or  the 
owner  or  occupier  of  the  premises  is  not  known  or 
cannot  be  found,  then  the  nuisance  order  may  be 
addressed  to,  and  if  so  addressed  shall  be  executed 
by,  the  sanitary  authority. 

9.  Power  to  sell  manure,  &c. — Any  matter  or  thing 
removed  by  the  sanitary  authority  in  abating,  or 
doing  what  is  necessary  to  prevent  the  recurrence  of, 
a  nuisance  liable  to  be  dealt  with  summarily  under 
this  Act  may  be  sold  by  public  auction  or,  if  the 
authority  think  the  circumstances  of  the  case  require 
it,  may  be  sold  otherwise,  or  be  disposed  of  without 
sale ;  and  the  money  arising  from  the  sale  may  be 
retained  by  the  sanitary  authority,  and  applied  in 
payment  of  the  expenses  incurred  by  them  with 
reference  to  such  nuisance,  and  the  surplus  (if  any) 
shall  be  paid,  on  demand,  to  the  owner  of  such 
matter  or  thing. 

10.  Power  of  entry. — The  sanitary  authority  shall 
have  a  right  to  enter  from  time  to  time  any  premises — 

(a)  for  the  purpose  of  examining  as  to  the  existence 
thereon  of  any  nuisance  liable  to  be  dealt  with 
summarily  under  this  Act,  at  any  hour  by  day, 
or  in  the  case  of  a  nuisance  arising  in  respect  of 
any  business,  then  at  any  hour  when  that 
business  is  in  progress  or  is  usually  carried  on, 
and 

(6)  where  under  this  Act  a  nuisance  has  been 
ascertained  to  exist,  or  a  nuisance  order  has  been 
made,  then  at  any  such  hour  as  aforesaid,  until 
the  nuisance  is  abated,  or  the  works  ordered  to 
be  done  are  completed,  or  the  closing  order  is 
cancelled,  as  the  case  may  be,  and 

(c)  where  a  nuisance  order  has  not  been  complied 
with,  or  has  been  infringed,  at  all  reasonable 
hours,  including  all  hours  during  which  business 
therein  is  in  progress  or  is  usually  carried  on,  for 
the  purpose  of  executing  the  order. 

11.  Costs  of  execution  of  provisions  relating  to  nuisances. 
— (i.)  All  reasonable  costs  and  expenses  incurred  in 
serving  notice,  making  a  complaint,  or  obtaining  a 
nuisance  order,  or  in  carrying  the  order  into  effect, 
shall  be  deemed  to  be  money  paid  for  the  use  and  at 
the  request  of  the  person  on  whom  the  order  is  made  ; 
or  if  the  order  is  made  on  the  sanitary  authority,  or, 
if  no  order  is  made,  but  the  nuisance  is  proved  to 
have  existed  when  the  notice  was  served  or  the  com- 


plaint made,  then  of  the  person  by  whose  act,  default 
or  sufferance,  the  nuisance  was  caused  ;  and  in  case 
of  nuisances  caused  by  the  act  or  default  of  the  owner 
of  premises,  such  costs  and  expenses  may  be  recovered 
from  any  person  who  is  for  the  time  being  owner  of 
such  premises. 

(2.)  Such  costs  and  expenses,  and  any  fines  in- 
curred in  relation  to  any  such  nuisance,  may  be 
recovered  in  a  summary  manner  or  in  the  county 
court  or  High  Court,  and  the  court  shall  have  power 
to  divide  costs,  expenses,  and  fines  between  persons 
by  whose  acts,  defaults,  or  sufferance  a  nuisance  is 
caused,  as  to  it  may  seem  just. 

12.  Power  of  individual  to  complain  to  justice  of 
nuisance. — (i.)  Complaint  of  the  existence  of  a  nuisance 
liable  to  be  dealt  with  summarily  under  this  Act  on 
any  premises  within  the  district  of  any  sanitary 
authority  may  be  made  by  any  person,  and  thereupon 
the  like  proceedings  shall  be  had  with  the  like  incidents 
and  consequences  as  to  making  of  orders,  fines  for 
disobedience  of  orders,  appeal,  and  otherwise,  as  in 
the  case  of  a  like  complaint  by  the  sanitary  authority. 

2.)  Provided  that  the  court  may,  if  it  thinks  fit, — 
a.)  adjourn  the  hearing  or  further  hearing  of  the 
complaint  for  the  purpose  of  having  an  examina- 
tion of  the  premises  where  the  nuisance  is  alleged 
to  exist,  and  may  authorise  the  entry  into  such 
premises  of  any  constable  or  other  person  for  that 
purpose ;  and 
(6.)  authorise  any  constable  or  other  person  to  do 
all  necessary  acts  for  executing  an  order  made 
on  a  complaint  under  this  section,  and  to  recover 
the  expenses  from  the  person  on  whom  the  order 
is  made  in  a  summary  manner. 
(3.)  Any  constable  or  other  person  authorised  under 
this  section  shall  have  the  like  powers,  and  be  subject 
to  the  like  restrictions  as  if  he  were  an  officer  of  the 
sanitary  authority  authorised  under  the  foregoing 
provisions  of  this  Act  to  enter  any  premises  and  do 
any  acts  thereon. 

13.  Proceedings  in  High  Court  for  abatement  of  nuisances. 
— The  sanitary  authority  may,  if  in  their  opinion 
summary  proceedings  would  afford  an  inadequate 
remedy,  cause  any  proceedings  to  be  taken  against 
any  person  in  the  High  Court  to  enforce  the  abate- 
ment or  prohibition  of  any  nuisance  liable  to  be  dealt 
with  summarily  under  this  Act,  or  for  the  recovery  of 
any  fines  from,  or  for  the  punishment  of,  any  persons 
offending  against  the  provisions  of  this  Act  relating 
to  such  nuisances,  and  may  pay  as  expenses  of  the 
execution  of  this  Act  their  expenses  of  and  incident  to 
all  such  proceedings. 

14.  Power  to  proceed  where  cause  of  nuisance  arises 
without  district. —  (i.)  Where  a  nuisance  liable  to  be 
dealt  with  summarily  under  this  Act  appears  to  be 
wholly  or  partially  caused  by  some  act,  default,  or 
sufferance  committed  or  taking  place  without  the 
district  the  inhabitants  of  which  are  affected  by  the 
nuisance,  the  sanitary  authority  for  that  district  may 
take  or  cause  to  be  taken  against  any  person  in  respect 
of  such  act,  default,  or  sufferance  any  proceedings  in 
relation  to  nuisances  by  this  Act  authorised,  with  the 
same  incidents  and  consequences  as  if  such  act, 
default,  or  sufferance  were  committed  or  took  place 
wholly  within  their  district ;  so,  however,  that  sum- 
mary proceedings  shall  in  no  cas-?  be  taken  otherwise 
than  before  a  court  having  jurisdiction  in  the  district 
where  the  act,  default,  or  sufferance  is  alleged  to  be 
committed  or  take  place. 


iv  LECTURES  TO 

(2.)  Section  one  hundred  and  eight  of  the  Public 
Health  Act,  1875,  38  &  39  Vict.  c.  55,  set  out  in  the 
First  Schedule  to  this  Act,  shall  continue  to  extend  to 
London,  with  the  substitution  of  a  sanitary  authority, 
under  this  Act  for  any  nuisance  authority  men- 
tioned in  the  said  section,  and  any  reference  in 
that  section  to  a  nuisance  in  the  metropolis  shall 
include  a  nuisance  within  the  meaning  of  this  Act. 

15.  Penalty  for  injuring  closet,  &■€.,  so  as  to  cause  a 
nuisance. — If  a  person  causes  any  drain,  watercloset, 
earth  closet,  privy,  or  ashpit  to  be  a  nuisance  or 
injurious  or  dangerous  to  health  by  wilfully  destroying 
or  damaging  the  same,  or  any  water-supply,  apparatus, 
pipe,  or  work  connected  therewith,  or  by  otherwise 
wilfully  stopping  up,  or  wilfully  interfering  with,  or 
improperly  using  the  same,  or  any  such  water-supply, 
apparatus,  pipe,  or  work,  he  shall  be  liable  to  a  fine 
not  exceeding  five  pounds. 

Penalties  in  respect  of  particular  Nuisances. 

16.  Byelaws  by  sanitary  authority  and  county  council  as 
to  cleansing  streets  and  prevention  of  nuisances. — (i.)  Every 
sanitary  authority  shall  make  byelav>s — 

{a.)  for  the  prevention  of  nuisances  arising  from  any 
snow,  ice,  salt,  dust,  ashes,  rubbish,  offal,  carrion, 
fish,  or  filth,  or  other  matter  or  thing  in  any 
street ;  and 

(6.)  for  preventing  nuisances  arising  from  any  offen- 
sive matter  running  out  of  any  manufactory, 
brewery,  slaughter-house,  knacker's  yard, 
butcher's  or  fishmonger's  shop,  or  dunghill,  into 
any  uncovered  place,  whether  or  not  surrounded 
by  a  wall  or  fence ;  and 

(c.)  for  the  prevention  of  the  keeping  of  animals  on 
any  premises  in  such  place  or  manner  as  to  be  a 
nuisance  or  injurious  or  dangerous  to  health; 
and 

(d.)  as  to  the  paving  of  yards  and  opsn  spaces  in 
connexion  with  dwelling-houses. 

(2.)  The  county  council  shall  make  bye-laws — 

(a.)  for  prescribing  the  times  for  the  removal  or 
carriage  by  road  or  water  of  any  fcecal  or  offensive 
or  noxious  matter  or  liquid  in  or  through  London, 
and  providing  that  the  carriage  or  vessel  used 
therefor  shall  be  properly  constructed  and  covered 
so  as  to  prevent  the  escape  of  any  such  matter 
or  liquid,  and  as  to  prevent  any  nuisance  arising 
therefrom ;  and 

(h.)  as  to  the  closing  and  filling  up  of  cesspools  and 
privies,  and  as  to  the  removal  and  disposal  of 
refuse,  and  as  to  the  duties  of  the  occupier  of  any 
premises  in  connexion  with  house  refuse,  so  as  to 
facilitate  the  removal  of  it  by  the  scavengers  of 
the  sanitary  authority. 

(3.)  It  shall  be  the  duty  of  every  sanitary  authority 
to  observe  and  enforce  any  byelaws  made  under  this 
section. 

(4.)  Except  as  otherwise  provided  by  the  byelaws, 
a  constable  may  arrest  without  warrant  and  take  be- 
fore a  justice  any  person  whom  he  finds  committing 
an  oftence  against  such  byelaws  and  who  refuses  to 
give  his  true  name  and  address. 

(5.)  Provided  that  the  byelaws  shall  not  make  it  an 
offence  to  lay  sand  or  other  material  in  any  street  in 
time  of  frost  to  prevent  accidents,  or  litter  or  other 
matter  to  prevent  the  freezing  of  water  in  pipes,  or  in 
case  of  sickness  to  prevent  noise,  if  the  same  is  laid, 
and  when  the  occasion  ceases  duly  removed,  in  accord- 
ance with  the  byelaws. 


PLUMBERS. 

17.  Penalty  for  keeping  swine  in  unfit  place. — (i.)  A 
person  shall  not — 

(a.)  feed  or  keep  any  swine  in  any  locality,  premises, 
or  place  which  is  unfit  for  the  keeping  of  swine, 
or  in  which  the  feeding  or  keeping  of  swine  may 
create  a  nuisance  or  be  injurious  to  health,  or 
ip.)  permit  any  swine  to  stray  or  go  about  in  any 

street  or  public  place. 
(2.)  If  any  person  acts  in  contravention  of  this 
section  he  shall  be  liable  to  a  fine  not  exceeding  forty 
shillings,  and  to  forfeit  the  swine,  and  to  a  further 
fine  not  exceeding  ten  shillings  for  every  day  during 
which  he  continues  such  offence  after  notice  from  the 
sanitary  authority  to  discontinue  the  same. 

(3.)  Any  swine  found  straying  or  going  about  in  any 
street  or  public  place  may  be  seized  and  removed  by 
any  constable. 

(4.)  Any  premises  within  forty  yards  of  any  street 
or  public  place  shall  be  deemed  for  the  purposes  of 
this  section  to  be  a  place  unfit  for  keeping  swine. 

18.  Power  to  prohibit  keeping  of  animals  in  unfit  place. 
— Where  it  is  proved  to  the  satisfaction  of  a  petty 
sessional  court  that  any  locality,  premises,  or  place 
are  or  is  unfit  for  the  keeping  of  any  animal,  the  court 
may  by  summary  order  prohibit  the  using  thereof  for 
that  purpose  for  the  future. 

Offensive  Trades. 

19.  Prohibition  and  regulation  of  establishing  anew 
certain  offensive  businesses,  and  byelaws  as  to  offensive 
businesses. — (i.)  If  any  person — 

(a.)  establishes  anew  the  following  businesses,  or 
any  of  them  ;  that  is  to  say,  the  business  of 
blood  boiler,  bone  boiler,  manure  manufacturer, 
soap  boiler,  tallow  melter,  or  knacker  ;  or 
(b.)  establishes  anew,  without  the  sanction  of  the 
county  council,  the  following  businesses,  or  any 
of  them ;  that  is  to  say,  the  business  of  fellmonger, 
tripe  boiler,  slaughterer  of  cattle  or  horses,  or 
any  other  business  which  the  county  council  may 
declare  by  order  confirmed  by  the  Local  Govern- 
ment Board  and  published  in  the  London  Gazette 
to  be  an  offensive  business, 
he  shall  be  liable  to  a  fine  not  exceeding  fifty  pounds 
in  respect  of  the  establishment  thereof,   and  any 
person  carrying  on  the  same  when  established  shall 
be  liable  to  a  fine  not  exceeding  fifty  pounds  for  every 
day  during  which  he  so  carries  on  the  same  : 

(2)  Provided  that  this  enactment  shall  not  render 
any  person  liable  to  a  fine  for  establishing  anew  with 
the  sanction  of  the  county  council,  or  carrying  on,  the 
business  of  soap  boiler,  if  and  as  long  as  that  business 
is  a  business  in  which  tallow  or  any  animal  fat  or  oil 
other  than  olein  is  not  used  by  admixture  with  alkali 
for  the  production  of  soap. 

(3.)  The  county  council  shall  give  their  sanction  by 
order,  but,  at  least  fourteen  days  before  making  any 
such  order,  shall  make  public  the  application  for  it, 
by  serving  on  the  sanitary  authority  within  whose 
district  the  premises  on  which  the  business  is  proposed 
to  be  established  are  situate,  and  by  advertising, 
notice  of  the  application  and  of  the  time  and  place  at 
which  they  will  be  willing  to  hear  all  persons  objecting 
to  the  order,  and  by  causing  a  copy  of  the  notice  to  be 
affixed  in  a  conspicuous  part  of  the  said  premises ; 
and  they  shall  consider  any  objections  made  at  that 
time  and  place,  and  shall  grant  or  withhold  their 
sanction  as  they  think  expedient. 

(4.)  The  county  council  may  make  byelaws  for 
regulating  the  conduct  of  any  businesses  specified  in 
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this  section,  which  are  for  the  time  being  lawfully 
carried  on  in  London,  and  the  structure  of  the 
premises  on  which  any  such  business  is  being  carried 
on,  and  the  mode  in  which  the  said  application  is  to 
be  made. 

(5.)  Any  such  byelaw  may  empower  a  petty  sessional 
court  by  summary  order  to  deprive  any  person,  either 
temporarily  or  permanently,  of  the  right  of  carrying 
on  any  business  to  which  such  byelaw  relates,  as  a 
punishment  for  breaking  the  same,  and  any  person 
disobeying  such  order  shall  be  liable  to  a  fine  not 
exceeding  fifty  pounds  for  every  day  during  which 
such  disobedience  continues. 

(6.)  Any  sanitary  authority  or  person  aggrieved  by 
any  proposed  byelaw  under  this  section,  or  by  any 
proposed  alteration  or  repeal  of  a  byelaw,  may 
forward  notice  of  his  objection  to  the  Local  Govern- 
ment Board,  who  shall  consider  the  same. 

(7.)  There  shall  be  charged  for  an  order  of  the 
county  council  under  this  section,  and  carried  to  the 
county  fund,  such  fee  not  exceeding  forty  shillings 
as  the  county  council  may  fix. 

(8.)  For  the  purposes  of  this  section  a  business 
shall  be  deemed  to  be  established  anew  not  only  if  it 
is  established  newly,  but  also  if  it  is  removed  from 
any  one  set  of  premises  to  any  other  premises,  or  if 
it  is  renewed  on  the  same  set  of  premises  after  having 
been  discontinued  for  a  period  of  nine  months  or 
upwards,  or  if  any  premises  on  which  it  is  for  the 
time  being  carried  on  are  enlarged  without  the 
sanction  of  the  county  council ;  but  a  business  shall 
not  be  deemed  to  be  established  anew  on  any  pre- 
mises by  reason  only  that  the  ownership  of  such 
premises  is  wholly  or  partially  changed,  or  that  the 
building  in  which  it  is  established  having  been  wholly 
or  partially  pulled  down  or  burnt  down  has  been 
reconstructed  without  any  extension  of  its  area. 

(9.)  Nothing  in  this  section  shall  render  an  order 
of  the  county  council  necessary  to  authorise  the 
slaughter  of  cattle  at  the  Metropolitan  Cattle  Market, 
or  at  the  cattle  market  at  Deptford,  or  shall  authorise 
the  making  of  byelaws  affecting  either  of  those 
markets  or  the  slaughter-houses  erected  thereat  either 
before  or  after  the  commencement  of  this  Act. 

(10.)  In  the  application  of  this  section  to  the  City 
of  London,  the  commissioners  of  sewers  shall  be 
substituted  for  the  county  council,  and  the  con- 
solidated rate  for  the  county  fund. 

20.  Licensing  0/ cow-houses  and  slaughter-houses. — (i.) 
A  person  carrying  on  the  business  of  a  slaughterer  of 
cattle  or  horses,  knacker,  or  dairyman,  shall  not  use 
any  premises  in  London  (outside  the  City  of  London) 
as  a  slaughter-house,  or  knacker's  yard,  or  a  cow- 
house or  place  for  the  keeping  of  cows,  without  a 
licence  from  the  county  council,  and  if  he  does  he 
shall  for  each  offence  be  liable  to  a  fine  not  exceeding 
five  pounds,  and  the  fact  that  cattle  have  been  taken 
into  unlicensed  premises  shall  be  prima  facie  evidence 
that  an  offence  under  this  section  has  been  committed. 

(2.)  A  licence  under  this  section  shall  expire  on 
such  day  in  every  year  as  the  county  council  fix,  and 
when  a  licence  is  first  granted  shall  expire  on  the  day 
so  fixed  which  secondly  occurs  after  the  grant  of  the 
licence,  and  a  fee  not  exceeding  five  shillings  to  be 
carried  to  the  county  fund  may  be  charged  for  the 
licence. 

(3.)  Not  less  than  fourteen  days  before  a  licence 
for  any  premises  is  granted  or  renewed  under  this 
f  ection,  notice  of  the  intention  to  apply  for  it  shall  be 
served  on  the  sanitary  authority  of  the  district  in 


which  the  premises  are  situate,  and  that  sanitary 
authority,  if  they  think  fit,  may  show  cause  against 
the  grant  or  renewal  of  the  licence. 

(4.)  An  objection  shall  not  be  entertained  to  the 
renewal  of  a  licence  under  this  section,  unless  seven 
days  previous  notice  of  the  objection  has  been  served 
on  the  applicant,  save  that,  on  an  objection  being 
made  of  which  notice  has  not  been  given,  the  county 
council  may,  if  they  think  it  just  so  to  do,  direct 
notice  thereof  to  be  served  on  the  applicant,  and 
adjourn  the  question  of  the  renewal  to  a  future  day, 
and  require  the  attendance  of  the  applicant  on  that 
day,  and  then  hear  the  case,  and  consider  the 
objection,  as  if  the  said  notice  had  been  duly"given. 

(5.)  Where  a  committee  of  the  county  council 
determine  to  refuse,  or  to  recommend  thecounty  council 
to  refuse,  the  renewal  of  any  licence  under  this  section, 
the  county  council  shall,  on  written  application  made 
within  seven  days  after  such  determination  is  made 
known  to  the  applicant,  hear  the  applicant  against  such 
refusal. 

(6).  For  the  purposes  of  this  section  a  licence  shall 
be  deemed  to  be  renewed  where  a  further  licence  is 
granted  in  immediate  succession  to  a  prior  licence  for 
the  same  premises. 

(7.)  The  sanitary  authority  shall  have  a  right  to 
enter  any  slaughter-house  or  knacker's  yard  at  any 
hour  by  day  or  at  any  hour  when  business  is  in  pro- 
gress or  is  usually  carried  on  therein,  for  the  purpose 
of  examining  whether  there  is  any  contravention 
therein  of  this  Act  or  of  any  byelaw  made  thereunder. 

(8.)  Nothing  in  this  section  shall  extend  to 
slaughter-houses  erected  before  or  after  the  com- 
mencement of  this  Act  in  the  Metropolitan  Cattle 
Market  under  the  authority  of  the  Metropolitan 
Market  Act,  1851,  or  the  Metropolitan  Market  Act, 
1857- 

21.  Duty  of  sanitary  authority  to  complain  to  justice  of 
nuisance  arising  from  offensive  trade. — (i.)  Where  any 
manufactory,  building,  or  premises  used  for  any  trade, 
business,  process,  or  manufacture,  causing  effluvia,  is 
certified  to  the  sanitary  authority  by  their  medical 
officer  of  health,  or  by  any  two  legally  qualified 
medical  practitioners,  or  by  any  ten  inhabitants  ot 
the  district  of  such  authority,  to  be  a  nuisance  or 
injurious  or  dangerous  to  the  health  of  any  of  the 
inhabitants  of  the  district,  such  authority  shall  make 
a  complaint,  and  if  it  appears  to  the  petty  sessional 
court  hearing  the  complaint  that  the  trade,  business, 
process,  or  manufacture  carried  on  by  the  person 
complained  of  is  anuisance, or  causes  any  effluvia  which 
is  a  nuisance  or  injurious  or  dangerous  to  the  health 
of  any  of  the  inhabitants  of  the  district,  then,  unless 
it  is  shown  that  such  person  has  used  the  best  prac- 
ticable means  for  abating  the  nuisance,  or  preventing 
or  counteracting  the  effluvia,  the  person  so  offending 
(being  the  owner  or  occupier  of  the  premises,  or 
being  a  foreman  or  other  person  employed  by  such 
owner  or  occupier)  shall  be  liable  to  a  fine  not 
exceeding  fifty  pounds. 

(2.)  Provided  that  the  court  may  suspend  its  final 
determination  on  condition  that  the  person  com- 
plained of  undertakes  to  adopt,  within  a  reasonable 
time,  such  means  as  the  court  may  deem  practicable, 
and  order  to  be  carried  into  effect,  for  abating  the 
nuisance,  or  mitigating  or  preventing  the  injurious 
effects  of  the  effluvia. 

(3.)  The  sanitary  authority  may,  if  they  think  fit,  on 
such  certificate  as  is  in  this  section  mentioned,  cause 
to  be  taken  any  proceedings  in  the  High  Court  against 


vi  LECTURES  TO 

any  person  in  respect  of  the  matters  alleged  in  such 
certificate. 

(4.)  The  sanitary  authority  may  take  proceedings 
under  this  section  in  respect  of  a  manufactory, 
building,  or  premises  situate  without  their  district,  so, 
however,  that  the  summary  proceedings  shall  be  had 
before  a  court  having  jurisdiction  in  the  district 
where  the  manufactory,  building,  or  premises  are 
situate. 

(5.)  Section  one  hundred  and  fifteen  of  the  Public 
Health  Act,  1875,  38  &  39  Vict.  c.  55  (set  out  in  the 
First  Schedule  to  this  Act),  shall  continue  to  extend  to 
London,  with  the  substitution  of  a  sanitary  authority 
under  this  Act  for  a  nuisance  authority  mentioned  in 
the  said  section,  and  any  reference  in  that  section  to  a 
nuisance  in  the  metropolis  or  to  any  building,  manu- 
factory, or  place  in  the  metropolis  which  is  injurious 
to  health,  shall  include  any  nuisance  within  the 
meaning  of  this  Act,  and  any  manufactory,  building, 
or  place  which  is  dangerous  to  health. 

22.  Provision  as  to  nuisance  created  by  sanitary  authority 
in  dealing  with  re/use. — (i.)  The  removal  of  house  refuse 
and  street  refuse  by  a  sanitary  authority  when 
collected  or  deposited  by  that  authority  shall  be 
deemed  to  be  a  business  carried  on  by  that  authority 
within  the  meaning  of  the  last  preceding  section,  and 
a  complaint  or  proceedings  under  that  section  in 
relation  to  any  such  business  may  be  made  or  taken 
by  the  county  council  in  like  manner  as  if  the  council 
were  a  sanitary  authority. 

(2.)  Any  premises  used  by  a  sanitary  authority  for 
the  treatment  or  disposal  of  any  street  refuse  or  house 
refuse,  as  distinct  from  the  removal  thereof,  which  are 
a  nuisance  or  injurious  or  dangerous  to  health,  shall 
be  a  nuisance  liable  to  be  dealt  with  summarily  under 
this  Act,  and  for  the  purpose  of  the  application  thereto 
of  the  provisions  of  this  Act  relating  to  such  nuisances 
the  county  council  shall  be  deemed  to  be  a  sanitary 
authority. 

Smoke  Consumption. 

23.  Furnaces  and  steam  vessels  to  consume  their  own 
smoke. — (i.)  Every  furnace  employed  in  the  working 
of  engines  by  steam,  and  every  furnace  employed  in 
any  public  bath  or  washhouse,  or  in  any  mill,  factory, 
printing  house,  dyehouse,  iron  foundry,  glasshouse, 
distillery,  brewhouse,  sugar  refinery,  bakehouse,  gas- 
works, waterworks,  or  other  buildings  used  for  the 
purpose  of  trade  or  manufacture  (although  a  steam 
engine  be  not  used  or  employed  therein),  shall  be 
constructed  so  as  to  consume  or  burn  the  smoke 
arising  from  such  furnace. 

(2.)  If  any  person  being  the  owner  or  occupier  of 
the  premises,  or  being  a  foreman  or  other  person 
employed  by  such  owner  or  occupier — 

(a)  uses  any  such  furnace  which  is  not  constructed 
so  as  to  consume  or  burn  the  smoke  arising  there- 
from ;  or 

(6)  so  negligently  uses  any  such  furnace  as  that  the 
smoke  arising  therefrom  is  not  effectually  con- 
sumed or  burnt ;  or 

(c)  carries  on  any  trade  or  business  which  occasions 
any  noxious  or  offensive  effluvia,  or  otherwise 
annoys  the  neighbourhood  or  inhabitants,  with- 
out using  the  best  practicable  means  for  prevent- 
ing or  counteracting  such  effluvia  or  other 
annoyance ; 

such  person  shall  be  liable  to  a  fine  not  exceeding 
five  pounds,  and  on  a  second  conviction  to  a  fine  of 
ten  pounds,  and  on  each  subsequent  conviction  to  a 
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fine  double  the  amount  of  the  fine  imposed  on  the 
last  preceding  conviction. 

(3.)  Every  steam  engine  and  furnace  used  in  the 
working  of  any  steam  vessel  on  the  River  Thames, 
either  above  London  Bridge,  or  plying  to  and  fro 
between  London  Bridge  and  any  place  on  the  River 
Thames  westward  of  the  Nore  light,  shall  be  con- 
structed so  as  to  consume  or  burn  the  smoke  arising 
from  such  engine  and  furnace  ;  and  if  any  such  steam 
engine  or  furnace  is  not  so  constructed,  or  being  so 
constructed  is  wilfully  or  negligently  used  so  that  the 
smoke  arising  therefrom  is  not  effectually  consumed 
or  burnt,  the  owner  or  master  of  such  vessel  shall  be 
liable  to  a  fine  not  exceeding  five  pounds,  and  on  a 
second  conviction  to  a  fine  of  ten  pounds,  and  on 
every  subsequent  conviction  to  a  fine  of  double  the 
amount  of  the  fine  imposed  on  the  last  preceding 
conviction. 

(4.)  Provided  that  in  this  section  the  words 
"  consume  or  burn  the  smoke"  shall  not  be  held  in 
all  cases  to  mean  "  consume  or  burn  all  the  smoke," 
and  the  court  hearing  an  information  against  a  person 
may  remit  the  fine  if  of  opinion  that  such  person  has 
so  constructed  his  furnace  as  to  consume  or  burn,  as 
far  as  possible,  all  the  smoke  arising  from  such 
furnace,  and  has  carefully  attended  to  the  same,  and 
consumed  or  burned,  as  far  as  possible,  the  smoke 
arising  from  such  furnace. 

(5.)  It  shall  be  the  duty  of  every  sanitary  authority 
to  enforce  the  provisions  of  this  section,  and  an 
information  shall  not  be  laid  for  the  recovery  of  any 
fine  under  this  section  except  under  the  direction  of  a 
sanitary  authority. 

(6.)  The  provisions  of  this  Act  with  respect  to  the 
admission  of  the  sanitary  authority  into  any  premises 
for  any  purposes  in  relation  to  nuisances,  and  with 
respect  to  the  giving  of  information  of  a  nuisance, 
shall  apply  in  like  manner  as  if  they  were  herein  re- 
enacted,  and  in  terms  made  applicable  to  this  section. 

(7.)  This  section  shall  extend  to  the  port  of  London, 
and  as  respects  the  port  shall  be  enforced  by  the  port 
sanitary  authority. 

(8.)  Nothing  in  this  section  shall  alter  or  repeal 
any  of  the  provisions  of  the  City  of  London  Sewers 
Act,  1851  (14  &  15  Vict.  c.  75),  or  of  the  Whitechapel 
Improvement  Act,  1853  (16  &  17  Vict.  c.  cxli.). 

24.  Summary  proceedings  for  abatement  of  nuisance 
caused  by  smoke. — 

(a.)  Any  fireplace  or  furnace  which  does  not,  as  far 
as  practicable,  consume  the  smoke  arising  from 
the  combustible  used  therein,  and  which  is  used 
for  working  engines  by  steam,  or  in  any  mill, 
factory,  dyehouse,  brewery,  bakehouse,  or  gas- 
work,  or  in  any  manufacturing  or  trade  process 
whatsoever ;  and 
(6.)   Any  chimney  (not  being  the  chimney  of  a 
private  dwelling-house)  sending  forth  black  smoke 
in  such  quantity  as  to  be  a  nuisance  ; 
shall  be  nuisances  liable  to  be  dealt  with  summarily 
under  this  Act,  and  the  provisions  of  this  Act  relating 
to  those  nuisances  shall  apply  accordingly  : 

Provided  that  the  court,  hearing  a  complaint 
against  a  person  in  respect  of  a  nuisance  arising  from 
a  fireplace  or  furnace  which  does  not  consume  the 
smoke  arising  from  the  combustible  used  in  such  fire- 
place or  furnace,  shall  hold  that  no  nuisance  is  created, 
and  dismiss  the  complaint,  if  satisfied  that  such  fire- 
place or  furnace  is  constructed  in  such  manner  as  to 
consume  as  far  as  practicable,  having  regard  to  thn 
nature  of  the  manufacture  or  trade,  all  smoke  arising 
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therefrom,  and  that  such  fireplace  or  furnace  has  been 
carefully  attended  to  by  the  person  having  charge 
thereof. 

Workshops  and  Bakehouses. 

25.  Limewashing  and  washing  of  workshops. — (i.) 
Where,  on  the  certificate  of  a  medical  ofificer  of  health 
or  sanitary  inspector,  it  appears  to  any  sanitary 
authority  that  the  limewashing,  cleansing,  or  purifying 
of  any  workshop  (other  than  a  bakehouse),  or  of  any 
part  thereof,  is  necessary  for  the  health  of  the  persons 
employed  therein,  the  sanitary  authority  shall  serve 
notice  in  writing  on  the  owner  or  occupier  of  the  work- 
shop tolimewash,  cleanse,  or  purify  the  workshop  or 
part  as  the  case  requires,  within  the  time  specified  in 
the  notice ;  and,  if  the  person  on  whom  notice  is  so 
served  fails  to  comply  therewith,  he  shall  be  liable  to 
a  fine  not  exceeding  five  pounds,  and  to  a  further  fine 
not  exceeding  ten  shillings  for  every  day  during  which 
he  continues  to  make  default  after  conviction  ;  and 
the  sanitary  authority  may,  if  they  think  fit,  cause  the 
workshop  or  part  to  be  limewashed,  cleansed,  or 
purified,  and  may  recover  in  a  summary  manner  the 
expenses  incurred  by  them  in  so  doing  from  the 
person  on  whom  the  notice  was  served. 

(2.)  This  section  shall  apply  to  any  factory  which 
is  not  subject  to  the  provisions  of  the  Factory  and 
Workshop  Act,  1878  (41  &  42  Vict.  c.  16),  and  the 
Acts  amending  the  same,  and  to  any  workplace,  in 
like  manner  as  it  applies  to  a  workshop. 

26.  Enactments  respecting  bakehouses. — (i.)  Sections 
thirty-four,  thirty-five,  and  eighty-one  of  the  Factory 
and  Workshop  Act,  1878  (41  &  42  "Vict.  c.  16),  and 
sections  fifteen  and  sixteen  of  the  Factory  and  Work- 
shop Act  Amendment  Act,  1883  (46  &  47  Vict.  c.  53), 
(which  relate  to  cleanliness,  ventilation,  and  other 
sanitary  conditions),  shall,  as  respects  every  bakehouse 
•which  is  a  workshop,  be  enforced  by  the  sanitary 
authority  of  the  district  in  which  the  bakehouse  is 
situate,  and  they  shall  be  the  local  authority  within 
the  meaning  of  those  sections. 

(2.)  For  the  purposes  of  this  section,  the  provisions 
of  this  Act  with  respect  to  the  ad.mission  of  the  sanitary 
authority  and  their  officers  into  any  premises  for  any 
purpose  in  relation  to  nuisances  shall  apply  in  like 
manner  as  if  they  were  herein  re-enacted  and  in  terms 
made  applicable  to  this  section  ;  and  every  person 
refusing  or  failing  to  allow  the  sanitary  authority  or 
their  officer  to  enter  any  premises  in  pursuance  of 
those  provisions  for  the  purposes  of  this  section  shall 
be  subject  to  a  fine. 

27.  Notice  to  factory  inspector  respeciiftg  child  or  woman 
in  workshop. — If  any  child,  young  person,  or  woman  is 
employed  in  a  workshop,  and  the  medical  officer  of 
the  sanitary  authority  becomes  aware  thereof,  he  shall 
forthwith  give  written  notice  thereof  to  the  factory 
inspector  for  the  district. 

Dairies. 

28.  Orders  and  regulations  for  dairies. — (i.)  The  Local 
Government  Board  may  make  such  general  or  special 
orders  as  they  think  fit  for  the  following  purposes,  or 
any  of  them,  that  is  to  say, — 

(a.)  for  the  registration  with  the  county  council  of 
all  persons  carrying  on  the  trade  of  dairymen  ; 

(6.)  for  the  inspection  of  cattle  in  dairies,  and  for 
prescribing  and  regulating  the  lighting,  ventila- 
tion, cleansing,  drainage,  and  water  supply  of 
dairies  in  the  occupation  of  persons  carrying  on 
the  trade  of  dairymen  ; 


(c.)  for  securing  the  cleanliness  of  milk-vessels  used 
for  containing  milk  for  sale  by  such  persons  ; 

(d.)  for  prescribing  precautions  to  be  taken  for  pro- 
tecting milk  against  infection  or  contamination  ; 

(e.)  for  authorising  the  county  council  to  make 
byelaws  for  the  purposes  aforesaid,  or  any  of 
them. 

(2.)  The  county  council  for  the  purpose  of  enforcing 
the  said  orders  and  any  byelaws  made  thereunder  shall 
have  the  same  right  to  be  admitted  to  any  premises 
as  a  sanitary  authority  have  under  this  Act  for  the 
purpose  of  examining  as  to  the  existence  of  a  nuisance 
liable  to  be  dealt  with  summarily,  and  the  provisions 
of  this  Act  shall  apply  accordingly  as  if  they  were 
herein  re-enacted  and  in  terms  made  applicable  to 
this  section,  and  in  particular  with  the  substitution  of 
the  county  council  for  the  sanitary  authority. 

(3.)  The  Local  Government  Board  may  by  any  such 
order  impose  the  like  fines  for  offences  against  orders 
made  under  this  section  as  may  be  imposed  for  offences 
against  the  byelaws  of  a  sanitary  authority  under  this 
Act. 

(4.)  In  the  application  of  this  section  to  the  City  of 
London,  the  mayor,  commonalty,  and  citizens  of  the 
city  acting  by  the  council  shall  be  substituted  for  the 
county  council,  and  their  expenses  in  the  execution  of 
this  section  shall  be  paid  out  of  the  consolidated  rate. 

Removal  of  Refuse. 

29.  Duty  of  sanitary  authority  to  clean  streets. — (i.)  It 
shall  be  the  duty  of  every  sanitary  authority  to  keep 
the  streets  of  their  district,  which  are  repairable  by 
the  inhabitants  at  large,  including  the  footways, 
properly  swept  and  cleansed  so  far  as  is  reasonably 
practicable,  and  to  collect  and  remove  from  the  said 
streets,  so  far  as  is  reasonably  practicable,  all  street 
refuse. 

(2.)  If  any  such  street  in  the  district  of  any  sanitary 
authority,  including  the  footway,  is  not  properly  swept 
and  cleansed,  or  the  street  refuse  is  not  collected  and 
removed  from  any  such  street,  so  far  as  is  reasonably 
practicable,  as  required  by  this  section,  the  sanitary 
authority  shall  be  liable  to  a  fine  not  exceeding  twenty 
pounds. 

(3.)  So  much  of  any  Act  as  requires  the  occupier  or 
owner  of  any  premises  in  London  to  cause  the  foot- 
ways and  watercourses  adjoining  the  premises  to  be 
swept  and  cleansed  is  hereby  repealed. 

30.  Removal  of  house  refuse. — (i.)  It  shall  be  the 
duty  of  every  sanitary  authority — 

(a.)  to  secure  the  due  removal  at  proper  periods  of 
house  refuse  from  premises,  and  the  due  cleansing 
out  and  emptying  at  proper  periods  of  ashpits, 
and  of  earth-closets,  privies,  and  cesspools  (if  any), 
in  their  district,  and  the  giving  of  sufficient 
notice  of  the  times  appointed  for  such  removal, 
cleansing  out,  and  emptying,  and 

(6.)  where  the  house  refuse  is  not  removed  from  any 
premises  in  the  district  at  the  ordinary  period,  or 
any  ashpit,  earth-closet,  privy,  or  cesspool  in  or 
under  any  building  in  the  district  is  not  cleansed 
out  or  emptied  at  the  ordinary  period,  and  the 
occupier  of  the  premises  serves  on  the  authority  a 
written  notice  requiring  the  removal  of  such 
refuse,  or  the  cleansing  out  and  emptying  of  the 
ashpit,  earth-closet,  privy,  or  cesspool,  as  the 
case  may  be,  to  comply  with  such  notice  within 
forty-eight  hours  after  that  service,  exclusive  of 
Sundays  and  public  holidays. 
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(a.)  If  a  sanitary  authority  fail  without  reasonable 
cause  to  comply  with  this  section,  they  shall  be  liable 
to  a  fine  not  exceeding  twenty  pounds, 

(3.)  If  any  person  in  the  employ  of  the  sanitary 
authority,  or  of  any  contractor  with  the  sanitary 
authority,  demands  from  an  occupier  or  his  servant 
any  fee  or  gratuity  for  removing  any  house  refuse 
from  any  premises,  he  shall  be  liable  to  a  fine  not 
exceeding  twenty  shillings. 

31.  Sanitary  authority  to  appoint  scavengers. — Every 
sanitary  authority  shall  employ  a  sufficient  number  of 
scavengers,  or  contract  with  any  scavengers,  whether  a 
company  or  individuals,  for  the  execution  of  the  duties 
of  the  sanitary  authority  under  this  Act  with  respect 
to  the  sweeping  and  cleansing  of  the  several  streets 
within  their  district,  and  the  collection  and  removal 
of  street  refuse  and  house  refuse,  and  the  cleansing 
out  and  emptying  of  ashpits,  earth-closets,  privies,  and 
cesspools. 

32.  Disposal  of  refuse. — All  street  refuse  and  house 
refuse  collected  by  or  on  behalf  of  a  sanitary  authority 
shall  be  the  property  of  that  authority,  and  the 
authority  shall  have  full  power  to  sell  and  dispose  of 
the  same  for  the  purposes  of  this  Act  as  they  may 
think  proper,  and  the  person  purchasing  the  same 
shall  have  full  power  to  take,  carry  away,  and  dispose 
of  the  same  for  his  own  use,  and  the  money  arising 
from  the  sale  thereof  shall  be  applied  toward  defraying 
the  expenses  of  the  execution  of  this  Act. 

33.  Owners,  &c.  to  pay  for  removal  of  refuse  of  trades. — 
(i.)  If  the  sanitary  authority  are  required  by  the 
owner  or  occupier  of  any  premises  to  remove  any 
trade  refuse,  that  authority  shall  do  so,  and  the  owner 
or  occupier  shall  pay  to  that  authority  a  reasonable 
sum  for  such  removal,  and  such  sum,  in  case  of 
dispute,  shall  be  settled  by  the  order  of  a  petty 
sessional  court. 

(2.)  If  any  dispute  or  difference  of  opinion  arises 
between  the  owner  or  occupier  and  the  sanitary 
authority  as  to  what  is  to  be  considered  as  trade 
refuse,  a  petty  sessional  court,  on  complaint  made  by 
either  party,  may  by  order  determine  whether  the 
subject  matter  of  dispute  is  or  is  not  trade  refuse,  and 
the  decision  of  that  court  shall  be  final. 

34.  Provision  on  neglect  of  scavengers  to  remove  dust. — 
(i.)  If"  the  sanitary  authority,  or  any  persons  employed 
by  them,  neglect  for  the  space  of  seven  days  to  remove 
all  such  house  refuse  as  they  are  required  by  or  in 
pursuance  of  this  Act  to  remove,  then  an  occupier  of 
premises  (after  twentj^-four  hours'  notice  given  by  him 
to  the  sanitary  authority  requiring  them  to  remove  the 
same),  may  without  prejudice  to  any  other  proceeding 
under  this  Act  give  away  or  sell  his  house  refuse; 
and  any  person  who  in  pursuance  of  such  gift  or  sale 
removes  the  said  house  refuse  shall  not  be  liable  to 
any  fine  for  so  doing. 

(2.)  Save  as  aforesaid,  if  any  person  other  than  the 
sanitary  authority  or  their  contractors  or  servants 
receives,  carries  away,  or  collects  any  house  refuse  or 
street  refuse  from  any  premises  or  street,  such  person 
shall  be  liable  to  a  fine  not  exceeding  five  pounds. 
35.  liemovalof  filth  on  requisition  of  sanitary  inspector. 

 (i,)' "Where  it  appears  to  a  sanitary  inspector  that 

any  accumulation  of  any  obnoxious  matter,  whether 
manure,  dung,  soil,  filth,  or  other  matter,  ought  to  be 
removed,  and  it  is  not  the  duty  of  the  sanitary 
authority  to  remove  the  same,  he  shall  serve  notice  on 

the  owner  thereof,  or  on  the  occupier  of  the  premises 


PLUMBERS. 

on  which  it  exists,  requiring  him  to  remove  the  same, 
and  if  the  notice  is  not  complied  with  within  forty- 
eight  hours  from  the  service  thereof,  exclusive  of 
Sundays  and  public  holidays,  the  matter  referred  to 
shall  be  the  property  of  the  sanitary  authority,  and 
be  removed  and  disposed  of  by  them,  and  the  proceeds 
(if  any)  of  such  disposal  shall  be  applied  in  payment 
of  the  expenses  incurred  with  reference  to  the  matter 
removed,  and  the  surplus  (if  any)  shall  be  paid  on 
demand  to  the  former  owner  of  the  matter. 

(2.)  The  expenses  of  such  removal  and  disposal,  so 
far  as  not  covered  by  such  proceeds,  may  be  recovered 
by  the  sanitary  authority  in  a  summary  manner  from 
the  former  owner  of  the  matter  removed,  or  from  the 
occupier,  or,  where  there  is  no  occupier,  the  owner,  of 
the  premises. 

36.  Removal  of  refuse  from  stables,  cowhouses,  &-c. — 
(i.)  The  sanitary  authority,  if  they  think  fit,  may 
employ  a  sufficient  number  of  scavengers,  or  contract 
with  any  scavengers,  whether  a  company  or  indivi- 
duals, for  collecting  and  removing  the  manure  and 
other  refuse  matter  from  any  stables  and  cowhouses 
within  their  district,  the  occupiers  of  which  signify 
their  consent  in  writing  to  such  removal ;  provided 
that— 

[a)  such  consent  shall  not  be  withdrawn  or  revoked 
without  one  month's  previous  notice  to  the  sani- 
tary authority,  and 
(6)  no  person  shall  be  hereby  relieved  from  any  fine 
to  which  he  may  be  subject  for  placing  dung  or 
manure  upon  any  footways  or  carriageways,  or 
for  having  any  accumulation  or  deposit  of  manure 
or  other  refuse  matter  so  as  to  be  a  nuisance  or 
injurious  or  dangerous  to  health. 
(2.)  Notice  may  be  given  by  a  sanitary  authority 
(by  public  announcement  in  the  district  or  otherwise) 
requiring  the  periodical  removal  of  manure  or  other 
refuse  matter  from   stables,  cowhouses,   or  other 
premises  ;  and,  where  any  such  notice  has  been  given, 
if  any  person  to  whom  the  manure  or  other  refuse 
matter  belongs  fails  to  comply  with  the  notice,  he 
shall  be  liable  without  further  notice  to  a  fine  not 
exceeding  twenty  shillings  for  each  day  during  which 
such  non-compliance  continues. 

Regulations  as  to  Waterclosets,  &c. 

37.  Obligation  to  provide  waterclosets,  die. — (i.)  Itshall 
not  be  lawful  newly  to  erect  any  house  or  to  rebuild 
any  house  pulled  down  to  or  below  the  ground  floor 
without  a  sufficient  ashpit  furnished  with  proper  doors 
and  coverings,  and  one  or  more  proper  and  sufficient 
waterclosets  according  as  circumstances  may  require, 
furnished  with  suitable  water  supply  and  water  supply 
apparatus,  and  with  suitable  trapped  soilpan  and 
other  suitable  works  and  arrans;ements,  so  far  as  may 
be  necessary  to  ensure  the  efficient  operation  thereof. 

(2.)  If  any  person  offends  against  the  foregoing 
enactment  of  this  section,  he  shall  be  liable  to  a  fine 
not  exceeding  twentjf  pounds. 

(3.)  If  at  any  time  it  appears  to  the  sanitary 
authority  that  any  house,  whether  built  before  or 
after  the  commencement  of  this  Act,  is  without  such 
ashpit  or  waterclosets  as  aforesaid,  the  sanitary 
authority  shall  cause  notice  to  be  served  on  the  owner 
or  occupier  of  the  house,  requiring  him  forthwith,  or 
within  such  reasonable  time  as  is  specified  in  the 
notice,  to  provide  the  same  in  accordance  with  the 
directions  in  the  notice;  and,  if  the  notice  is  not 
complied  with,  the  said  owner  or  occupier  shall  be 
liable  to  a  fine  not  exceeding  five  pounds,  and  a 
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further  fine  not  exceeding  forty  shillings  for  each  day 
during  which  the  offence  continues;  or  the  sanitary 
authority,  if  they  think  fit,  in  lieu  of  proceeding  for  a 
fine,  may  enter  on  the  premises  and  execute  such 
works  as  the  case  may  require,  and  may  recover  the 
expenses  incurred  by  them  in  so  doing  from  the  owner 
of  the  house. 

(4.)  Provided  that — 

{a.)  where  sewerage  or  water  supply  sufficient  for  a 
watercloset   is  not   reasonably  available,  this 
section  shall  be  complied  with  by  the  provision 
of  a  privy  or  earth-closet ;  and 
(b.)  where  a  watercloset  has  before  the  commence- 
ment of  this  Act  been  and  is  used  in  common  by 
the  inmates  of  two  or  more  houses,  and  in  the 
opinion  of  the  sanitary  authority  may  continue  to 
be  properly  so  used,  they  need  not  require  a 
watercloset  to  be  provided  for  each  house. 
(5.)  Any  person  who  thinks  himself  aggrieved  by 
any  notice  or  act  of  a  sanitary  authority  under  this 
section  may  appeal  to  the  county  council,  whose 
decision  shall  be  final. 

38.  Sanitary  conveniences  for  manufactories,  &'C. — (i.) 
Every  factory,  workshop,  and  workplace,  whether 
erected  before  or  after  the  passing  of  this  Act,  shall 
be  provided  with  sufficient  and  suitable  accommoda- 
tion in  the  way  of  sanitary  conveniences,  regard  being 
had  to  the  number  of  persons  employed  in  or  in 
attendance  at  such  building,  and  also  where  persons 
of  both  sexes  are,  or  are  intended  to  be,  employed,  or 
in  attendance,  with  proper  separate  accommodation 
for  persons  of  each  sex. 

(2.)  Where  it  appears  to  a  sanitary  authority  that 
this  section  is  not  complied  with  in  the  case  of  any 
factory,  workshop,  or  workplace,  the  sanitary  auth- 
ority shall,  by  notice  served  on  the  owner  or  occupier 
of  such  factory,  workshop,  or  workplace,  require  him 
to  make  the  alterations  and  additions  necessary  to 
secure  such  compliance,  and  if  the  person  served  with 
such  notice  fails  to  comply  therewith  he  shall  be  liable 
to  a  fine  not  exceeding  twenty  pounds,  and  to  a  fine  not 
exceeding  forty  shillings  for  every  day  after  convic- 
tion during  which  the  non-compliance  continues. 

39.  Byelaws  as  to  waterclosets,  dc. — (i.)  The  county 
council  shall  make  byelaws  with  respect  to  water- 
closets,  earth-closets,  privies,  ashpits,  cesspools,  and 
receptacles  for  dung,  and  the  proper  accessories  there- 
of in  connexion  with  buildings,  whether  constructed 
before  or  after  the  passing  of  this  Act. 

(2.)  Every  sanitary  authority  shall  make  byelaws 
with  respect  to  the  keeping  of  waterclosets  supplied 
with  sufficient  water  for  their  effective  action. 

(3.)  It  shall  be  the  duty  of  every  sanitary  authority 
to  observe  and  enforce  the  byelaws  under  this  section  ; 
and  any  directions  given  by  the  sanitary  authority 
under  this  Act  shall  be  in  accordance  with  the  said 
byelaws,  and  so  far  as  they  are  not  so  in  accordance 
shall  be  void. 

40.  Power  for  sanitary  authority  to  authorise  exam- 
ination of  waterclosets,  &-c. — (i.)  The  sanitary  authority 
may  examine  any  of  the  following  works,  that  is  to 
say,  any  watercloset,  earth  closet,  privy,  ashpit,  or 
cesspool,  and  any  water  supply,  sink,  trap,  siphon, 
pipe,  or  other  works  or  apparatus  connected  there- 
with, upon  any  premises  within  their  district,  and  for 
that  purpose,  or  for  the  purpose  of  ascertaining  the 
course  of  a  drain,  may  at  all  reasonable  times  by  day, 
after  twenty-four  hours'  notice  has  been  served  on  the 
occupier  of  the  premises,  or  if  they  are  unoccupied  on  I 


the  owner,  or  in  case  of  emergency  without  notice, 
enter  on  any  premises,  and  cause  the  ground  to  be 
opened  in  any  place  they  think  fit,  doing  as  little 
damage  as  may  be. 

(2.)  If  any  such  work  as  aforesaid  is  found  on  exam- 
ination to  be  in  accordance  with  this  Act  and  the 
byelaws  of  the  county  council  and  sanitary  authority 
and  directions  of  the  sanitary  authority  given  in  any 
notice  under  this  Act,  and  in  proper  order  and  con- 
dition, the  sanitary  authority  shall  cause  the  same  to 
be  reinstated  and  made  good  as  soon  as  may  be,  and 
shall  defray  the  expenses  of  examination,  reinstating, 
and  making  good  the  same,  and  pay  full  compensation 
for  all  damages  or  injuries  done  or  occasioned  by  the 
examination  ;  but  if  on  examination  any  such  work  is 
found  not  to  be  in  proper  order  or  condition,  or  not  to 
have  been  made  or  provided  by  any  person  according 
to  the  said  byelaws  and  directions,  or  to  be  contrary 
to  this  Act,  the  reasonable  expenses  of  the  examina- 
tion shall  be  repaid  to  the  sanitary  authority  by  the 
person  offending,  and  may  be  recovered  by  that 
authority  in  a  summary  manner. 

41.  Penalty  on  persons  improperly  making  or  altering 
waterclosets,  S'C. — (i.)  In  any  of  the  following  cases — 

{a.)  if,  on  such  examination  as  in  the  preceding 
section  mentioned,  any  such  work  as  therein 
mentioned  is  found  not  to  have  been  made  or 
provided  by  any  person  according  to  the  byelaws 
of  the  county  council  and  sanitary  authority,  and 
the  directions  of  the  sanitary  authority  given  in 
any  notice  under  this  Act,  or  to  be  contrary  to 
this  Act,  or 

(6.)  if  a  person,  without  the  consent  of  the  sanitary 
authority,  constructs  or  rebuilds  any  watercloset, 
earth  closet,  privy,  ashpit,  or  cesspool  which  has 
been  ordered  by  them  either  not  to  be  made,  or  to 
be  demolished,  or 
(c.)  if  a  person  discontinues  any  water  supply  with- 
out lawful  authority,  or 
(d)  if  a  person  destroys  any  sink,  trap,  siphon,  pipe, 
or  any  connected  works  or  apparatus  as  aforesaid 
either  without  lawful  authority  or  so  that  the 
destruction  creates  a  nuisance  or  is  injurious  or 
dangerous  to  health, 
every  person  so  offending  shall  be  liable  to  a  fine  not 
exceeding  ten  pounds ;  and  if  he  does  not,  within 
fourteen  days  after  notice  is  served  on  him  by  the 
sanitary  authority,  or  within  any  further  time  allowed 
by  that  authority  or  appearing  to  a  petty  sessional 
court  necessary  for  the  execution  of  the  works,  cause 
such  watercloset,  earth  closet,  privy,  ashpit,  or  cesspool 
to  be  altered  or  reinstated  in  conformity  with  the 
said  byelaws  and  directions,  or,  as  the  case  may  be, 
to  be  demolished,  or  such  water  supply  to  be  renewed, 
or  such  sink,  trap,  siphon,  pipe  or  other  connected 
works  or  apparatus  to  be  restored,  such  person  shall 
be  liable  to  a  fine  not  exceeding  twenty  shillings  for 
each  day  during  which  the  offence  continues  ;  or  the 
sanitary  authority,  if  they  think  fit,  in  lieu  of  pro- 
ceeding for  a  fine,  may  enter  on  the  premises  and 
cause  the  work  to  be  done,  and  the  expenses  thereof 
shall  be  paid  by  the  person  who  has  so  offended. 

(2.)  If,  on  such  examination  as  aforesaid,  any 
watercloset,  earth  closet,  privy,  ashpit,  or  cesspool, 
or  any  water  supply,  sink,  trap,  siphon,  pipe,  or  any 
of  the  connected  works  or  apparatus  as  aforesaid, 
appears  to  be  in  bad  order  and  condition,  or  to 
require  cleansing,  alteration  or  amendment,  or  to  be 
filled  up,  the  sanitary  authority  shall  cause  notice  to 
be  served  on  the  owner  or  occupier  of  the  premises, 


Tin 


X  LECTURES  TO 

upon  or  in  respect  of  which  the  inspection  was  made, 
requiring  him  forthwith,  or  within  a  reasonable  time 
specified  in  the  notice,  to  do  what  is  necessary  to 
place  the  work  in  proper  order  and  condition  ;  and  if 
such  notice  is  not  complied  with,  the  said  owner  or 
occupier  shall  be  liable  to  a  fine  not  exceeding  five 
pounds,  and  to  a  further  fine  not  exceeding  forty 
shillings  for  each  day  during  which  the  offence 
continues  ;  or  the  sanitary  authority,  if  they  think 
fit,  in  lieu  of  proceeding  for  a  fine,  may  enter  on  the 
premises  and  execute  the  works,  and  the  expenses 
incurred  by  them  in  so  doing  shall  be  paid  to  them  by 
the  owner  or  occupier  of  the  premises. 

(3.)  Any  person  who  thinks  himself  aggrieved  by 
any  notice  or  act  of  a  sanitary  authority  under  this 
section  in  relation  to  any  watercloset,  earth-closet, 
privy,  ashpit,  or  cesspool,  may  appeal  to  the  county 
council,  whose  decision  shall  be  final. 

42.  Improper  construction  or  repair  of  watercloset  or 
drain. — If  a  watercloset  or  drain  is  so  constructed  or 
repaired  as  to  be  a  nuisance  or  injurious  or  dangerous 
to  health,  the  person  who  undertook  or  executed  such 
construction  or  repair  shall,  unless  he  shows  that  such 
construction  or  repair  was  not  due  to  any  wilful  act, 
neglect,  or  default,  be  liable  to  a  fine  not  exceeding 
twenty  pounds  : 

Provided  that  where  a  person  is  charged  with  an 
offence  under  this  section  he  shall  be  entitled,  upon 
information  duly  laid  by  him,  to  have  any  other  person, 
being  his  agent,  servant,  or  workman,  whom  he 
charges  as  the  actual  offender,  brought  before  the 
court  at  the  time  appointed  for  hearing  the  charge, 
and  if  he  proves  to  the  satisfaction  of  the  court  that 
he  had  used  due  diligence  to  prevent  the  commission 
of  the  offence,  and  that  the  said  other  person  com- 
mitted the  offence  without  his  knowledge,  consent,  or 
connivance,  he  shall  be  exempt  from  any  fine,  and 
the  said  other  person  may  be  summarily  convicted  of 
the  ofience. 

43.  Sanitary  authority  to  cause  offensive  ditches,  drains, 
&-C.  to  be  cleansed  or  covered.— [1.)  Every  sanitary 
authority — 

(a.)  shall  drain,  cleanse,  cover,  or  fill  up,  or  cause 
to  be  drained,  cleansed,  covered,  or  filled  up,  all 
ponds,  pools,  open  ditches,  drains,  and  places  con- 
taining or  used  for  the  collection  of  any  drainage, 
filth,  water,  matter,  or  thing  of  an  offensive 
nature,  or  likely  to  be  prejudicial  to  health,  which 
may  be  situate  in  their  district ;  and 
(6.)  shall  cause  notice  to  be  served  on  the  person 
causing  any  such  nuisance,  or  on  the  owner  or 
occupier  of  any  premises  whereon   the  same 
exists,  requiring  him,  within  the  time  specified  in 
such  notice,  to  drain,  cleanse,  cover,  or  fill  up 
such  pond,  pool,  ditch,  drain,  or  place,  or  to 
construct  a  proper  drain  for  the  discharge  of 
such  filth,  water,  matter,  or  thing,  or  to  execute 
such  other  works  as  the  case  may  require. 
(2.)  If  the  person  on  whom  such  notice  is  served 
fails  to  comply  therewith,  he  shall  be  liable  to  a  fine 
not  exceeding  five  pounds,  and  a  further  fine  not 
exceeding  forty  shillings  for  each  day  during  which 
the  offence  continues  ;  or  the  sanitary  authority,  if 
they  think  fit,  in  lieu  of  proceeding  for  a  fine,  may 
enter  on  the  premises  and  execute  such  works  as  may 
be  necessary  for  the  abatement  of  the  nuisance,  and 
may  recover  the  expenses  thereby  incurred  from  the 
owner  of  the  premises  :  Provided  that — 

(a.)  the  sanitary  authority,  where  they  think  it 
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reasonable,  may  defray  all  or  any  portion  of  the 
said  expenses,  as  expenses  of  sewerage  are  to  be 
defrayed  by  that  authority ;  and 
(i.)  where  any  work  which  a  sanitary  authority 
does  or  requires  to  be  done  in  pursuance  of  this 
section  interferes  with  or  prejudicially  affects  any 
ancient  mill,  or  any  right  connected  therewith,  or 
other  right  to  the  use  of  water,  the  sanitary  auth- 
ority shall  make  full  compensation  to  all  persons 
sustaining  damage  thereby,  in  manner  provided 
by  the  Metropolis  Management  Act,  1855,  or  if 
they  think  fit,  may  purchase  such  mill,  or  any 
such  right  connected  therewith,  or  other  right  to 
the  use  of  water  ;  and  the  provisions  of  the  said 
Act  with  respect  to  purchases  by  the  sanitary 
authority   shall  be  applicable  to  every  such 
purchase  as  aforesaid. 
(3.)  Any  person  who  thinks  himself  aggrieved  by 
any  notice  or  act  of  a  sanitary  authority  under  this 
section  in  relation  to  the  construction,  covering,  filling 
up,  or  other  alteration  of  any  drain  may  appeal  to  the 
county  council,  whose  decision  shall  be  final. 

44.  Power  to  sanitary  authority  to  provide  public  con- 
veniences.— (i.)  Every  sanitary  authority  may  provide 
and  maintain  public  lavatories  and  ashpits  and  public 
sanitary  conveniences  other  than  privies,  in  situations 
where  they  deem  the  same  to  be  required,  and  may 
supply  such  lavatories  and  sanitary  conveniences  with 
water,  and  may  defray  the  expense  of  providing  such 
lavatories,  ashpits,  and  sanitary  conveniences,  and  of 
any  damage  occasioned  to  any  person  by  the  erection 
or  construction  thereof,  and  the  expense  of  keeping 
the  same  in  good  order,  as  if  they  were  expenses  of 
sewerage. 

{2.)  For  the  purpose  of  such  provision  the  subsoil 
of  any  road,  exclusive  of  the  footway  adjoining  any 
building  or  the  curtilage  of  a  building,  shall  be  vested 
in  the  sanitary  authority. 

45.  Regulations  as  to  public  sanitary  conveniences. — (i.) 
Where  a  sanitary  authority  provide  and  maintain  any 
public  lavatories,  ashpits,  or  sanitary  conveniences, 
such  authority  may — 

(a.)  make  regulations  with  respect  to  the  manage- 
ment thereof,  and  byelaws  as  to  the  decent  conduct 
of  persons  using  the  same  ;  and 

(6.)  let  the  same  for  any  term  not  exceeding  three 
years  at  such  rent  and  subject  to  such  conditions 
as  they  may  think  fit ;  and 

(c.)  charge  such  fees  for  the  use  of  any  lavatories  or 
waterclosets  provided  by  them  as  they  may  think 
proper. 

(2.)  No  public  lavatory,  ashpit,  or  sanitary  con- 
venience shall  be  erected  in  or  accessible  from  any 
street  without  the  consent  in  writing  of  the  sanitary 
authority,  who  may  give  their  consent  upon  such  terms 
as  to  the  use  thereof  or  the  removal  thereof  at  any 
time,  if  required  by  the  sanitary  authority,  as  they 
may  think  fit. 

(3.)  If  any  person  erects  a  lavatory,  ashpit,  or  sani- 
tary convenience  in  contravention  of  this  section,  and 
after  notice  to  that  effect  served  by  the  sanitary 
authority  does  not  remove  the  same,  he  shall  be  liable 
to  a  fine  not  exceeding  five  pounds,  and  to  a  fine  not 
exceeding  twenty  shillings  for  every  day  during  which 
the  offence  continues  after  a  conviction  for  the  offence. 

(4.)  Nothing  in  this  section  shall  extend  to  any 
lavatory  or  sanitary  convenience  now  or  hereafter 
erected  by  any  railway  company  within  their  railway 
station  yard  or  the  approaches  thereto. 
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46.  Sanitary  conveniences  used  in  common. — The  follow- 
ing provisions  shall  have  effect  with  respect  to  any 
sanitary  convenience  used  in  common  by  the  occupiers 
of  two  or  more  separate  dwelling-houses,  or  by  other 
persons : — 

(i.)  If  any  person  injures  or  improperly  fouls  any 
such  sanitary  convenience,  or  anything  used  in 
connexion  therewith,  he  shall  for  each  offence  be 
liable  to  a  fine  not  exceeding  ten  shillings  ; 

(2.)  If  any  such  sanitary  convenience  or  the  ap- 
proaches thereto,  or  the  walls,  floors,  seats,  or 
fittings  thereof,  is  or  are  in  the  opinion  of  the 
sanitary  authority  or  of  their  sanitary  inspector 
or  medical  ofiScer  of  health  in  such  a  state  as  to 
be  a  nuisance  or  annoyance  to  any  inhabitant  of 
the  district  for  want  of  the  proper  cleansing 
thereof,  such  of  the  persons  having  the  use  thereof 
in  common  as  may  be  in  default,  or,  in  the 
absence  of  proof  satisfactory  to  the  court  as  to 
which  of  the  persons  having  the  use  thereof  in 
common  is  in  default,  each  of  those  persons  shall 
be  liable  to  a  fine  not  exceeding  ten  shiUings,  and 
to  a  fine  not  exceeding  five  shillings  for  every 
day  during  which  the  offence  continues  after  a 
conviction  for  the  offence. 

Unsound  Food. 

47.  Inspection  and  destruction  of  unsound  meat,  &-c. — 
(i.)  Any  medical  officer  of  health  or  sanitary  inspector 
may  at  all  reasonable  times  enter  any  premises  and 
inspect  and  examine 

(a.)  any  animal  intended  for  the  food  of  man  which 
IS  exposed  for  sale,  or  deposited  in  any  place  for 
the  purpose  of  sale,  or  of  preparation  for  sale,  and 
(6.)  any  article,  whether  solid  or  liquid,  intended 
for  the  food  of  man,  and  sold  or  exposed  for  sale 
or  deposited  in  any  place  for  the  purpose  of  sale 
or  of  preparation  for  sale, 
the  proof  that  the  same  was  not  exposed  or  deposited 
for  any  such  purpose,  or  was  not  intended  for  the  food 
of  man,  resting  with  the  person  charged;  and  if  any 
such  animal  or  article  appears  to  such  medical  officer 
or  inspector  to  be  diseased,  or  unsound,  or  unwhole- 
some, or  unfit  for  the  food  of  man,  he  may  seize  and 
carry  away  the  same  himself  or  by  an  assistant,  in 
order  to  have  the  same  dealt  with  by  a  justice. 

(2.)  If  it  appears  to  a  justice  that  any  animal  or 
article  which  has  been  seized  or  is  liable  to  be  seized 
under  this  section  is  diseased,  or  unsound,  or  unwhole- 
some, or  unfit  for  the  food  of  man,  he  shall  condemn 
the  same,  and  order  it  to  be  destroyed  or  so 
disposed  of  as  to  prevent  it  from  being  exposed 
for  sale  or  used  for  the  food  of  man ;  and  the 
person  to  whom  the  same  belongs  or  did  belong 
at  the  time  of  sale  or  exposure  of  sale,  or  deposit 
for  the  purpose  of  sale  or  of  preparation  for  sale, 
or  in  whose  possession  or  on  whose  premises  the 
same  was  found,  shall  be  liable  on  summary  conviction 
to  a  fine  not  exceeding  fifty  pounds  for  every  animal, 
or  article,  or  if  the  article  consists  of  fruit,  vegetables, 
corn,  bread,  or  flour,  for  every  parcel  thereof  so  con- 
demned, or,  at  the  discretion  of  the  court,  without 
the  infliction  of  a  fine,  to  imprisonment  for  a  term  of 
not  more  than  six  months  with  or  without  hard  labour. 

(3.)  Where  it  is  shown  that  any  article  liable  to  be 
seized  under  this  section,  and  found  in  the  possession 
of  any  person  was  purchased  by  him  from  another 
person  for  the  food  of  man,  and  when  so  purchased 
was  in  such  a  condition  as  to  be  liable  to  be  seized 
and  condemned  under  this  section,  the  person  who  so 


sold  the  same  shall  be  liable  to  the  fine  and  imprison- 
ment above  mentioned,  unless  he  proves  that  at  the 
time  he  sold  the  said  article  he  did  not  know,  and  had 
no  reason  to  believe,  that  it  was  in  such  condition. 

(4.)  Where  a  person  convicted  of  an  offence  under 
this  section  has  been  within  twelve  months  previously 
convicted  of  an  offence  under  this  section,  the  court 
may,  if  it  thinks  fit,  and  finds  that  he  knowingly  and 
wilfully  committed  both  such  offences,  order  that 
a  notice  of  the  facts  be  affixed,  in  such  form  and 
manner,  and  for  such  period  not  exceeding  twenty- 
one  days,  as  the  court  may  order,  to  any  premises 
occupied  by  that  person,  and  that  the  person  do  pay 
the  costs  of  such  affixing  ;  and  if  any  person  obstructs 
the  affixing  of  such  notice,  or  removes,  defaces,  or 
conceals  the  notice  while  affixed  during  the  said 
period,  he  shall  for  each  offence  be  liable  to  a  fine 
not  exceeding  five  pounds. 

(5.)  If  the  occupier  of  a  licensed  slaughter-house  is 
convicted  of  an  offence  under  this  section,  the  court 
convicting  him  may  cancel  the  licence  for  such 
slaughter-house. 

(6.)  If  any  person  obstructs  an  officer  in  the  per- 
formance of  his  duty  under  any  warrant  for  entry  into 
any  premises  granted  by  a  justice  in  pursuance  of 
this  Act  for  the  purposes  of  this  section,  he  shall,  if 
the  court  is  satisfied  that  he  obstructed  with  intent  to 
prevent  the  discovery  of  an  offence  against  this  section, 
or  has  within  twelve  months  previously  been  convicted 
of  such  obstruction,  be  liable  to  imprisonment  for  any 
term  not  exceeding  one  month  in  lieu  of  any  fine 
authorised  by  this  Act  for  such  obstruction. 

(7.)  A  justice  may  act  in  adjudicating  on  an 
offender  under  this  section,  whether  he  has  or  has 
not  acted  in  ordering  the  animal  or  article  to  be  des- 
troyed or  disposed  of. 

(8.)  Where  a  person  has  in  his  possession  any 
article  which  is  unsound  or  unwholesome  or  unfit  for 
the  food  of  man,  he  may,  by  written  notice  to  the 
sanitary  authority,  specifying  such  article,  and  con- 
taining a  sufficient  identification  of  it,  request  its 
removal,  and  the  sanitary  authority  shall  cause  it  to 
be  removed  as  if  it  were  trade  refuse. 

Provisions  as  to  Water. 

48.  Provisions  as  to  house  without  proper  water  supply. 
— (i.)  An  occupied  house  without  a  proper  and 
sufficient  supply  of  water  shall  be  a  nuisance  liable  to 
be  dealt  with  summarily  under  this  Act,  and,  if  it  is 
a  dwelling-house,  shall  be  deemed  unfit  for  human 
habitation. 

(2.)  A  house  which  after  the  commencement  of  this 
Act  is  newly  erected,  or  is  pulled  down  to  or  below 
the  ground  floor  and  rebuilt,  shall  not  be  occupied  as 
a  dwelling-house  until  the  sanitary  authority  have 
certified  that  it  has  a  proper  and  sufficient  supply  of 
water,  either  from  a  water  company  or  by  some  other 
means. 

(3.)  If  the  sanitary  authority  refuse  such  certificate, 
or  fail  to  give  it  within  one  month  after  written 
request  for  the  same  from  the  owner  of  the  house,  the 
owner  of  the  house  may  apply  to  a  petty  sessional 
court,  and  that  court,  after  hearing  or  giving  the 
sanitary  authority  an  opportunity  to  be  heard,  may, 
if  they  think  the  certificate  ought  to  have  been 
granted,  make  an  order  authorising  the  occupation  of 
the  house  ;  but,  unless  such  order  is  made,  an  owner 
who  occupies  or  permits  to  be  occupied  the  house  as 
a  dwelling-house  without  such  certificate  shall  be 
liable  to  a  fine  not  exceeding  ten  pounds,  and 
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to  a  fine  not  exceeding  twenty  shillings  for  every 
day  during  which  it  is  so  occupied  until  a  proper 
and  sufficient  supply  of  water  is  provided ;  but  the 
imposition  of  such  fine  shall  be  without  prejudice  to 
any  proceedings  for  obtaining  a  closing  order. 

49  Notice  to  sanitary  authority  of  water  supply  being 
cutoff'.— {i.)  Where  a  water  company  may  lawfully 
cut  off  the  water  Supply  to  any  inhabited  dwelling- 
house  and  cease  to  supply  such  dwelling-house  with 
water  for  non-payment  of  water  rate  or  other  cause, 
the  company  shall  in  every  case,  within  twenty-four 
hours  after  exercising  the  said  right,  give  notice 
thereof  in  writing  to  the  sanitary  authority  of  the 
district  in  which  the  house  is  situated. 

(2.)  Any  company  which  neglects  to  comply  with 
the  foregoing  provision  shall  be  liable  to  a  fine  not 
exceeding  ten  pounds,  and  it  shall  be  the  duty  of  the 
sanitary  authority  to  take  proceedings  against  any 
company  in  default. 

(3.)  This  section  shall  apply  to  every  water 
company  which  is  a  trading  company  supplying  water 
for  profit. 

50.  Cleansing  of  cisterns.— 'Every  sanitary  authority 
shall  make  byelaws  for  securing  the  cleanliness  and 
freedom  from  pollution  of  tanks,  cisterns,  and  other 
receptacles  used  for  storing  of  water  used  or  likely  to 
be  used  by  man  for  drinking  or  domestic  purposes,  or 
for  manufacturing  drink  for  the  use  of  man. 

51  Power  of  sanitary  authority  as  to  piiUic  fountains. — 
(i.)  All  existing  public  cisterns,  reservoirs,  wells, 
fountains,  pumps,  and  works  used  for  the  gratuitous 
supply  of  water  to  the  inhabitants  of  the  district  of 
any  sanitary  authority,  and  not  vested  in  any  person 
or  authority  other  than  the  sanitary  authority,  shall 
vest  in  and  be  under  the  control  of  the  sanitary 
authority  ;  and  that  authority  may  maintain  the  same 
and  plentifully  supply  them  with  pure  and  wholesome 
water,  or  may  substitute,  maintain,  and  plentifully 
supply  with  pure  and  wholesome  water  other  such 
works  equally  convenient,  and  may  maintain  and 
supply  with  water  as  aforesaid  other  public  cisterns, 
reservoirs,  wells,  fountains,  pumps,  and  other  such 
works  within  their  district. 

(2.)  The  sanitary  authority  may  provide  and  main- 
tain public  wells,  pumps,  and  drinking  fountains  in 
such  convenient  and  suitable  situations  as  they  may 
deem  proper. 

(3.)  If  any  person  wilfully  damages  any  of  the  said 
wells,  pumps,  or  fountains,  or  any  part  thereof,  he  shall, 
in  addition  to  any  punishment  to  which  he  is  liable, 
pay  to  the  sanitary  authority  the  expenses  of  repair- 
ing or  reinstating  such  well,  fountain,  pump,  or  part 
thereof. 

52  Penalt)!  for  causing  water  to  he  corrupted  by  gas 
washings.— {i.)  If  any  person  engaged  in  the  manu- 
facture of  gas—  ■  , 
ia  )  causes  or  suffers  to  be  brought  or  to  flow  into 
any  source  of  water  supply,  or  into  any  drain  or 
pipe  communicating  therewith,  any  washing  or 
other  substance  produced  in  making  or  supplying 
gas ;  or,  , 
lb.)  wilfully  or  negligently  does  any  act  connectea 
with  the  making  or  supplying  of  gas  whereby  the 
water  in  any  source  of  water  supply  is  fouled, 
he  shall  for  every  such  offence  be  liable  to  a  fine  of 
two  hundred  pounds,  and,  after  the  expiration  of 
twenty-four  hours'  notice  from  the  sanitary  authority 
or  the  person  to  whom  the  water  belongs  in  that 


behalf,  to  a  further  fine  of  twenty  pounds  for  every 
day  during  which  the  offence  continues. 

(2.)  Every  such  fine  may  be  recovered,  with  full 
costs  of  action,  in  the  High  Court,  in  the  case  of 
water  belonging  to  or  under  the  control  of  the  sanitary 
authority  by  that  authority,  and  in  any  other  case  by 
the  person  into  whose  water  such  washing  or  other 
substance  is  brought  or  flows,  or  whose  water  is  fouled 
by  any  such  act  as  aforesaid,  or  in  default  of  proceed- 
ings by  such  person  after  notice  to  him  from  the  sani- 
tary authority  of  their  intention  to  proceed  for  such 
fine,  by  the  sanitary  authority ;  but  such  fine  shall 
not  be  recoverable  unless  it  is  sued  for  during  the 
continuance  of  the  offence,  or  within  six  months  after 
it  has  ceased. 

53.  Penalty  for  fouling  water.— li  any  person  does 
any  act  whereby  any  fountain  or  pump  is  wilfully  or 
maliciously  damaged,  or  is  guilty  of  any  act  or  neglect 
whereby  the  water  of  any  well,  fountain,  or  pump 
used  or  likely  to  be  used  by  man  for  drinking  or 
domestic  purposes,  or  for  manufacturing  drink  for  the 
use  of  man,  is  polluted  or  fouled,  he  shall  be  liable  to 
a  fine  not  exceeding  five  pounds  for  each  ofifence,  and 
a  further  fine  not  exceeding  twenty  shillings  for  every 
day  during  which  the  offence  continues  after  notice  is 
served  on  him  by  the  sanitary  authority  in  relation 
thereto,  but  this  section  shall  not  extend  to  offences 
against  the  last  preceding  section  by  persons  engaged 
in  the  manufacture  of  gas. 

54.  Power  to  close  polluted  wells,  &'C. — (i.)  On  the 
representation  of  any  person  to  a  sanitary  authority 
that  within  their  district  the  water  in  any  well,  tank, 
or  cistern,  public  or  private,  or  supplied  firom  any 
public  pump,  is  used  or  likely  to  be  used  by  man  for 
drinking  or  domestic  purposes,  or  for  manufacturing 
drink  for  the  use  of  man,  and  is  so  polluted,  or  is 
likely  to  be  so  polluted,  as  to  be  injurious  or  danger- 
ous to  health,  a  petty  sessional  court,  on  complaint 
by  such  authority  and  after  hearing  the  person  who 
is  the  owner  or  occupier  of  the  premises  to  which  the 
well,  tank,  or  cistern  belongs,  if  it  be  private,  or  in 
the  case  of  a  public  well,  tank,  cistern,  or  pump,  is 
alleged  in  the  complaint  to  be  interested  in  the  same, 
or  after  giving  him  an  opportunity  of  being  heard, 
may  by  summary  order  direct  the  well,  tank,  cistern, 
or  pump  to  be  permanently  or  temporarily  closed,  or 
make  such  other  order  as  appears  to  the  court 
requisite  to  prevent  injury  or  danger  to  the  health  of 
persons  drinking  the  water. 

(2.)  The  court  may,  if  they  see  fit,  cause  the  water 
complained  of  to  be  analysed  at  the  cost  of  the  sani- 
tary authority  complaining.  ,    r  -i 

(3  )  If  the  person  on  whom  the  order  is  made  fails 
to  comply  therewith,  he  shall  be  liable  to  a  fine  not 
exceeding  twenty  pounds,  and  a  petty  sessional  court 
on  complaint  by  the  sanitary  authority  may  authorise 
that  authority  to  execute  the  order,  and  any  expenses 
incurred  by  them  in  so  doing  may  be  recovered  in  a 
summary  manner  from  the  said  person. 

Infectious  Diseases— Notification. 
55,  Notification  of  injectious  disease.— (i.)  Where 
an  inmate  of  any  house  within  the  district  of  a  sani- 
tary authority  is  suffering  from  an  infectious  disease 
to  which  this  section  applies,  the  following  provisions 
shall  have  effect,  that  is  to  say  :— 

(((.)  The  head  of  the  family  to  which  such  inmate 
(in  this  section  referred  to  as  the  patient)  belongs, 
and  in  his  default  the  nearest  relatives  of  the 
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patient  present  in  the  house  or  being  in  attendance 
on  the  patient,  and  in  default  of  such  relatives, 
every  person  in  charge  of  or  in  attendance  on  the 
patient,  and  in  default  of  any  such  person  the 
master  of  the  house,  shall,  as  soon  as  he  becomes 
aware  that  the  patient  is  suffering  froni  an  in- 
fectious disease  to  which  this  section  applies,  send 
notice  thereof  to  the  medical  officer  of  health  of 
the  district : 

(b.)  Every  medical  practitioner  attending  on  or 
called  in  to  visit  the  patient  shall  forthwith,  on 
becoming  aware  that  the  patient  is  suffering  from 
an  infectious  disease  to  which  this  section  applies, 
send  to  the  medical  officer  of  health  of  the  district 
a  certificate  stating  the  full  name  and  the  age  and 
sex  of  the  patient,  the  full  postal  address  of  the 
house,  and  the  infectious  disease  from  which  in 
the  opinion  of  such  medical  practitioner  the 
patient  is  suffering,  and  stating  also  whether  the 
case  occurs  in  the  private  practice  of  such  prac- 
titioner or  in  his  practice  as  a  medical  officer  of 
any  public  body  or  institution,  and  where  the 
certificate  refers  to  the  inmate  of  a  hospital  it 
shall  specify  the  place  from  which  and  the  date 
at  which  the  inmate  was  brought  to  the  hospital, 
and  shall  be  sent  to  the  medical  officer  of  health 
of  the  district  in  which  the  said  place  is  situate : 
Provided  that,  in  the  case  of  a  hospital  of  the 
Metropolitan  Asylum  Managers,  a  notice  or  certifi- 
cate need  not  be  sent  respecting  any  inmate  with 
respect  to  whom  a  copy  of  the  certificate  has  been 
previously  forwarded  by  the  medical  officer  of  health 
of  the  district  to  the  said  Managers. 

(2.)  Every  person  required  by  this  section  to  send 
a  notice  or  certificate,  who  fails  forthwith  to  send  the 
same,  shall  be  liable  to  a  fine  not  exceeding  forty 
shillings  :  Provided  that  if  a  person  is  not  required  to 
send  notice  in  the  first  instance,  but  only  in  default  of 
some  other  person,  he  shall  not  be  liable  to  any  fine 
if  he  satisfies  the  court  that  he  had  reasonable  cause 
to  suppose  that  the  notice  had  been  duly  sent. 

(3.)  The  Local  Government  Board  may  prescribe 
forms  for  the  purpose  of  certificates  to  be  sent  in 
pursuance  of  this  section,  and  if  such  forms  are  so 
prescribed,  they  shall  be  used  in  all  cases  to  which 
they  apply.  The  sanitary  authority  shall  gratuitously 
supply  forms  of  certificate  to  any  medical  practi- 
tioner residing  or  practising  in  their  district  who 
applies  for  the  same,  and  shall  pay  to  every  medical 
practitioner  for  each  certificate  duly  sent  by  him  in 
accordance  with  this  section  a  fee  of  two  shillings  and 
sixpence  if  the  case  occurs  in  his  private  practice,  and 
of  one  shilling  if  the  case  occurs  in  his  practice  as 
medical  officer  of  any  public  body  or  institution. 

(4.)  Where  a  medical  officer  of  health  receives  a 
certificate  under  this  section  relating  to  a  patient 
within  the  Metropolitan  Asylum  district,  he  shall, 
within  twelve  hours  after  such  receipt,  send  a  copy 
thereof  to  the  Metropolitan  Asylum  Managers,  and  to 
the  head  teacher  of  the  school  attended  by  the  patient 
(if  a  child),  or  by  any  child  who  is  an  inmate  of  the 
same  house  as  the  patient.  The  Metropolitan 
Asylum  Managers  shall  repay  to  the  sanitary  authority 
the  fees  paid  by  that  authority  in  respect  of  the  cer- 
tificates whereof  copies  have  been  so  sent  to  the 
Managers.  The  Managers  shall  send  weekly  to  the 
county  council,  and  to  every  medical  officer  of  health, 
such  return  of  the  infectious  diseases  of  which  they 
receive  certificates  in  pursuance  of  this  section  as  the 
county  council  require. 


(5.)  Where  in  any  district  of  a  sanitary  authority 
there  are  two  or  more  medical  officers  of  health  of 
that  authority,  a  certificate  under  this  section  shall  be 
sent  to  such  one  of  those  officers  as  has  charge  of  the 
area  in  which  is  the  patient  referred  to  in  the  certifi- 
cate, or  to  such  other  of  those  officers  as  the  sanitary 
authority  may  direct. 

(6.)  A  notice  or  certificate  to  be  sent  to  a  medical 
officer  in  pursuance  of  this  section  may  be  sent  to 
such  officer  at  his  office  or  residence. 

(7.)  This  section  shall  apply  to  every  building, 
vessel,  tent,  van,  shed,  or  similar  structure  used  for 
human  habitation,  in  like  manner  as  nearly  as  may  be 
as  if  it  were  a  house  ;  but  nothing  in  this  section  shall 
extend  to  any  house,  building,  vessel,  tent,  van,  shed, 
or  similar  structure  belonging  to  Her  Majesty  tho 
Queen,  or  to  any  inmate  thereof,  nor  to  any  vessel 
belonging  to  any  foreign  government. 

(8.)  In  this  section  the  expression  "  infectious  dis- 
ease to  which  this  section  applies  "  means  any  of  the 
following  diseases,  namely,  small-pox,  cholera,  diph- 
theria, membranous  croup,  erysipelas,  the  disease 
know  as  scarlatina  or  scarlet  fever,  and  the  fevers 
known  by  any  of  the  following  names,  typhus,  typhoid, 
enteric,  relapsing,  continued,  or  puerperal,  and  includes 
as  respects  any  particular  district  any  infectious  dis- 
ease to  which  this  section  has  been  applied  by  the 
sanitary  authority  of  the  district  in  manner  provided 
by  this  Act. 

56.  Power  of  sanitary  authority  to  add  to  number  of 
infectious  diseases  of  which  notification  is  required. — (i.) 
The  sanitary  authority  of  any  district  may,  by  reso- 
lution passed  at  a  meeting  of  that  authority,  of  which 
such  notice  has  been  given  as  in  this  section  men- 
tioned, order  that  the  foregoing  section  with  respect 
to  the  notification  of  infectious  disease  shall  apply  in 
their  district  to  any  infectious  disease  other  than  a 
disease  specifically  mentioned  in  that  section ;  any 
such  order  may  be  permanent  or  temporary,  and,  if 
temporary,  the  period  during  which  it  is  to  continue 
in  force  shall  be  specified  therein,  and  any  such  order 
may  be  revoked  or  varied  by  the  sanitary  authority 
which  made  the  same. 

(2.)  Fourteen  clear  days  at  least  before  the  meeting 
at  which  such  resolution  is  proposed  special  notice  of 
the  meeting,  and  of  the  intention  to  propose  the 
making  of  such  order,  shall  be  given  to  every  member 
of  the  sanitary  authority,  and  the  notice  shall  be 
deemed  to  have  been  duly  given  to  a  member  if  it  is 
given  in  the  mode  in  which  notices  to  attend  meetings 
of  the  sanitary  authority  are  usually  given. 

(3.)  An  order  under  this  section  and  the  revocation 
and  variation  of  any  such  order  shall  not  be  of  any 
validity  until  it  has  been  approved  by  the  Local 
Government  Board,  and  when  it  is  so  approved  the 
sanitary  authority  shall  give  public  notice  thereof  by 
advertisement  in  a  local  newspaper,  and  by  handbills, 
and  otherwise  in  such  manner  as  the  sanitary 
authority  think  sufficient  for  giving  information  to  all 
persons  interested  ;  they  shall  also  send  a  copy  there- 
of to  each  legally  qualified  medical  practitioner 
whom,  after  due  inquiry,  they  ascertain  to  be  residing 
or  practising  in  their  district. 

(4.)  The  said  order  shall  come  into  operation  at 
such  date  not  earlier  than  one  week  after  the  publi- 
cation of  the  first  advertisement  of  the  approved 
order  as  the  sanitary  authority  may  fix,  and  upon 
the  order  coming  into  operation,  and  during  the  con- 
tinuance  thereof,  an   infectious  disease  mentioned 
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in  the  order  shall,  within  the  district  of  the  authority, 
be  an  infectious  disease  to  which  the  foregoing  section 
with  respect  to  the  notification  of  infectious  disease 
applies. 

(5.)  In  the  case  of  emergency  three  clear  days  notice 
of  the  meeting  and  of  the  intention  to  propose  the 
making  of  the  order  shall  be  sufficient,  and  the  resolu- 
tion shall  declare  the  cause  of  the  emergency  and  shall 
be  for  a  temporary  order,  and  a  copy  thereof  shall  be 
forthwith  sent  to  the  Local  Government  Board  and 
advertised,  and  the  order  shall  come  into  operation 
at  the  expiration  of  one  week  from  the  date  of  the 
advertisement ;  but  unless  approved  by  the  Local 
Government  Board  shall  cease  to  be  in  force  at  the 
expiration  of  one  month  after  it  is  passed,  or  any 
earlier  date  fixed  by  the  Local  Government  Board  ;  if 
it  is  approved  by  the  Local  Government  Board  that 
approval  shall  be  conclusive  evidence  that  the  case 
was  one  of  emergency. 

(6.)  The  county  council  shall,  as  respects  London, 
have  the  same  power  of  extending  the  foregoing 
section  by  order  to  any  infectious  disease,  and  the 
same  power  of  revoking  and  varying  the  order,  as  a 
sanitary  authority  have  under  this  section  as  respects 
their  district;  and  the  foregoing  section  when  so 
extended  by  the  county  council  shall  be  construed  as 
if  it  had  been  applied  under  this  section  as  respects 
every  district  in  London  by  the  sanitary  authority 
thereof. 

57.  Non-disqualification  of  medical  officer  by  receipt  ef 
fees.—(i.)  A  payment  made  to  any  medical  practitioner 
in  pursuance  of  the  provisions  of  this  Act  with  respect 
to  the  notification  of  infectious  disease  shall  not  dis- 
qualify that  practitioner  for  serving  as  meniber  of  the 
county  council,  or  of  a  sanitary  authority,  or  as 
guardian  of  a  poor  law  union,  or  in  any  other  public 
ofi&ce. 

(2.)  Where  a  medical  practitioner  attending  on  a 
patient  is  himself  the  medical  oflBcer  of  health  of  the 
district,  he  shall  be  entitled  to  the  same  fee  as  if  he 
were  not  such  medical  officer. 

Infectious  Diseases.— Prevention. 

58  Application  of  special  provisions  to  certain  infectious 
diseases.— The  following  provisions  of  this  Act  relating 
to  dangerous  infectious  diseases  shall  apply  to  the 
infectious  diseases  specifically  mentioned  in  the  fore- 
going enactment  of  this  Act  relating  to  the  notification 
of  infectious  disease,  and  all  or  any  of  such  provisions 
may  be  applied  by  order  to  any  other  infectious 
disease  in  the  same  manner  as  that  enactment  may  be 
applied  to  such  disease,  subject  to  the  same  power  of 
revoking  and  varying  the  order,  and  every  such 
infectious  disease  is  in  this  Act  referred  to  as  a 
dangerous  infectious  disease. 

59  Provision  of  means  for  disinfecting  of  bedding,  (Cc. 
_(i  )' Every  sanitary  authority  shall  provide,  either 
within  or  without  their  district,  proper  premises  with 
all  necessary  apparatus  and  attendance  lor  the 
destruction  and  for  the  disinfection,  and  carriages  or 
vessels  for  the  removal,  of  articles  (whether  bedding, 
clothing,  or  other)  which  have  become  infected  by  any 
dangerous  infectious  disease,  and  may  provide  the 
same  for  the  destruction,  disinfection,  and  removal  ot 
such  articles  when  infected  by  any  other  disease  ;  and 
shall  cause  any  such  articles  brought  for  destruction 
or  disinfection,  whether  alleged  to  be  infected  by  any 
dangerous  infectious  disease  or  by  any  other  disease, 
to  be  destroyed  or  to  be  disinfected  and  returned,  and 


may  remove,  and  may  destroy,  or  disinfect  and 
return,  such  articles  free  of  charge. 

(2.)  Any  sanitary  authorities  may  execute  their  duty 
under  this  section  by  combining  for  the  purposes 
thereof,  or  by  contracting  for  the  use  by  one  of  the 
contracting  authorities  of  any  premises  provided  for 
the  purpose  of  this  section  by  another  of  such  con- 
tracting authorities,  and  may  so  combine  or  contract 
upon  such  terms  as  may  be  agreed  upon. 

60.  Cleansing  and  disinfecting  of  premises,  &c. — (i.) 
Where  the  medical  officer  of  health  of  any  sanitary 
authority,  or  any  other  legally  qualified  medical 
practitioner,  certifies  that  the  cleansing  and  disinfect- 
ing of  any  house,  or  part  thereof,  and  of  any  articles 
therein  likely  to  retain  infection,  or  the  destruction  of 
such  articles,  would  tend  to  prevent  or  check  any 
dangerous  infectious  disease,  the  sanitary  authority 
shall  serve  notice  on  the  master,  or  where  the  house 
or  part  is  unoccupied  on  the  owner,  of  such  house  or 
part  that  the  same  and  any  such  articles  therein  will 
be  cleansed  and  disinfected  or  (as  regards  the  articles) 
destroyed,  by  the  sanitary  authority,  unless  he  informs 
the  sanitary  authority  within  twenty-four  hours  from 
the  receipt  of  the  notice  that  he  will  cleanse  and 
disinfect  the  house  or  part  and  any  such  articles  or 
destroy  such  articles  to  the  satisfaction  of  the  medical 
officer  of  health,  or  of  any  other  legally  qualified 
medical  practitioner,  within  a  time  fixed  in  the  notice. 

(2.)  If  either—  . 

(a)  within  twenty-four  hours  from  the  receipt  of  the 
notice,  the  person  on  whom  the  notice  is  served 
does  not  inform  the  sanitary  authority  as 
aforesaid,  or  ■     •  u 

(b)  having  so  informed  the  sanitary  authority  he 
fails  to  have  the  house  or  part  thereof  and  any 
such  articles  disinfected  or  such  articles  destroyed 
as  aforesaid  within  the  time  fixed  in  the  notice,  or 

(c)  the  master  or  owner  without  such  notice  gives 
his  consent, 

the  house  or  part  and  articles  shall  be  cleansed  and 
disinfected  or  such  articles  destroyed  by  the  officers 
and  at  the  cost  of  the  sanitary  authority  under  the 
superintendence  of  the  medical  officer  of  health. 

(3 )  For  the  purpose  of  carrying  into  effect  this 
section  the  sanitary  authority  may  enter  by  day  on 
any  premises.  . ,     r  c 

(4  )  The  sanitary  authority  shall  provide,  free  ot 
charge,  temporary  shelter  or  house  accommodation 
with  any  necessary  attendants  for  the  members  ot 
any  family  in  which  any  dangerous  infectious  disea.se 
has  appeared,  who  have  been  compelled  to  leave  their 
dwellings,  for  the  purpose  of  enabling  such  dwellings 
to  be  disinfected  by  the  sanitary  authority. 

U  )  When  the  sanitary  authority  have  disinlected 
any  house,  part  of  a  house,  or  article,  under  the 
provisions  of  this  section,  they  shall  compensate  the 
master  or  owner  of  such  house,  or  part  of  a  house,  or 
the  owner  of  such  article,  for  any  unnecessary  damage 
thereby  caused  to  such  house,  part  of  a  house,  or 
article ;  and  when  the  authority  destroy  any  article 
under  this  section  they  shall  compensate  the  owner 
thereof ;  and  the  amount  of  any  such  compensation 
shall  be  recoverable  in  a  summary  manner. 

61  Disinfection  of  bedding,  &-c.—{i.)  Any  sanitary 
authority  may  serve  a  notice  on  the  owner  of  any 
bedding,  clothing,  or  other  articles  which  have  been 
exposed  to  the  infection  of  any  dangerous  infectious 
disease,  requiring  the  delivery  thereof  to  an  officer  of 
the  sanitary  authority  for  removal  for  the  purpoBC  of 
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destruction  or  disinfection  ;  and  if  any  person  fails  to 
comply  with  such  notice  he  shall,  on  the  information 
of  the  sanitary  authority,  be  liable  to  a  fine  not 
exceeding  ten  pounds. 

(2.)  The  bedding,  clothing,  and  articles  if  so 
disinfected  by  the  sanitary  authoi'ity  shall  be  brought 
back  and  delivered  to  the  owner  free  of  charge,  and 
if  any  of  them  sufifer  any  unnecessary  damage  the 
authority  shall  compensate  the  owner  for  the  same, 
and  the  authority  shall  also  compensate  the  owner 
for  any  articles  destroyed ;  and  the  amount  of  com- 
pensation shall  be  recoverable  in  a  summary  manner, 

62.  Infectious  rubbish  thrown  into  ash-pits,  cS-f.,  to  be 
disinfected. — (i.)  If  a  person  knowingly  casts,  or  causes 
or  permits  to  be  cast,  into  any  ash-pit  any  rubbish 
infected  by  a  dangerous  infectious  disease  without 
previous  disinfection,  he  shall  be  liable  to  a  fine  not 
exceeding  five  pounds,  and,  if  the  offence  continues, 
to  a  further  fine  not  exceeding  forty  shillings  for  every 
day  during  which  the  offence  so  continues  after  the 
notice  hereafter  in  this  section  mentioned. 

(2.)  The  sanitary  authority  shall  cause  their  officers 
to  .serve  notice  of  the  provisions  of  this  section  on  the 
master  of  any  house  or  part  of  a  house  in  which  they 
are  aware  that  there  is  a  person  suffering  from  a 
dangerous  infectious  disease,  and  on  the  request  of 
such  master  shall  provide  for  the  removal  and  disin- 
fection or  destruction  of  the  aforesaid  rubbish. 

63-  Penalty  on  letting  houses  in  which  infected  persons 
have  been  lodging. — (i,)  Any  person  who  knowingly  lets 
for  hire  any  house,  or  part  of  a  house,  in  which  any 
person  has  been  suffering  from  any  dangerous  in- 
fectious disease,  without  having  such  house  or  part  of  a 
house,  and  all  articles  therein  liable  to  retain  infection, 
disinfected  to  the  satisfaction  of  a  legally  qualified 
medical  practitioner,  as  testified  by  a  certificate 
signed  by  him,  or  (as  regards  the  articles)  destroyed, 
shall  be  liable  to  a  fine  not  exceeding  twenty  pounds. 

(2.)  For  the  purposes  of  this  section,  the  keeper  of 
an  inn  shall  be  deemed  to  let  for  hire  part  of  a  house 
to  any  person  admitted  as  a  guest  into  such  inn. 

64.  Penalty  on  persons  letting  houses  making  false  state- 
ments as  to  infections  disease. — Any  person  letting  for 
hire,  or  showing  for  the  purpose  of  letting  for  hire,  any 
house  or  part  of  a  house,  who,  on  being  questioned  by 
any  person  negotiating  for  the  hire,  as  to  the  fact  of 
there  being,  or  within  six  weeks  previously  having 
been,  therein  any  person  suffering  from  any  dangerous 
infectious  disease,  knowingly  makes  a  false  answer  to 
such  question,  shall  be  liable,  at  the  discretion  of  the 
court,  to  a  fine  not  exceeding  twenty  pounds,  or  to 
imprisonment,  with  or  without  hard  labour,  for  a 
period  not  exceeding  one  month. 

65.  Penalty  on  ceasing  to  occupy  house  without  disin- 
fection, or  notice  to  owner,  or  making  false  answer. — (i.) 
Where  a  person  ceases  to  occupy  any  house,  or  part 
of  a  house,  in  which  any  person  has  within  six  weeks 
previously  been  suffering  from  any  dangerous  infec- 
tious disease,  and  either — 

(a.)  fails  to  have  such  house,  or  part  of  a  house,  and 
all  articles  therein  liable  to  retain  infection,  dis- 
infected to  the  satisfaction  of  a  legally  qualified 
medical  practitioner,  as  testified  by  a  certificate 
signed  by  him,  or  such  articles  destroyed,  or 

(b.)  fails  to  give  to  the  owner  or  master  of  such 
house,  or  part  of  a  house,  notice  of  the  previous 
existence  of  such  disease,  or 

(c.)  on  being  questioned  by  the  owner  or  master  of, 
or  by  any  person  negotiating  for  the  hire  of,  such 


house  or  part  of  a  house,  as  to  the  fact  of  there 
having  within  six  weeks  previously  been  therein 
any  person  suffering  from  any  dangerous  infec- 
tious disease,  knowingly  makes  a  false  answer  to 
such  question, 
he  shall  be  liable  to  a  fine  not  exceeding  ten  pounds. 

(2.)  The  sanitary  authority  shall  cause  their  officers 
to  serve  notice  of  the  provisions  of  this  section  on  the 
master  of  any  house  or  part  of  a  house  in  which  they 
are  aware  that  there  is  a  person  suffering  from  a 
dangerous  infectious  disease. 

66.  Removal  to  hospital  of  infected  persons  without 
proper  lodging. —  (i.)  A  person  suffering  from  any 
dangerous  infectious  disease,  who  is  without  proper 
lodging  or  accommodation,  or  is  lodged  in  a  tent  or 
van,  or  is  on  board  a  vessel,  may,  on  a  certificate 
signed  by  a  legally  qualified  medical  practitioner,  and 
with  the  consent  of  the  superintending  body  of  the 
hospital  to  which  he  is  to  be  removed,  be  removed  by 
order  of  a  justice,  and  at  the  cost  of  the  sanitary 
authority  of  the  district  where  such  person  is  found, 
to  any  hospital  in  or  within  a  convenient  distance  of 
London. 

(2.)  The  order  may  be  addressed  to  such  constable 
or  officer  of  the  sanitary  authority  as  the  justice 
making  the  same  thinks  expedient ;  and  if  any  person 
wilfully  disobeys  or  obstructs  the  execution  of  such 
order  he  shall  be  liable  to  a  fine  not  exceeding  ten 
pounds. 

(3.)  Any  sanitary  authority  may  make  byelaws  for 
removing  to  any  hospital  to  which  that  authority  are 
entitled  to  remove  patients,  and  for  keeping  in  that 
hospital  so  long  as  may  be  necessary,  any  persons 
brought  within  their  district  by  any  vessel  who  are 
infected  with  a  dangerous  infectious  disease. 

67.  Detention  of  infected  person  without  proper  lodging 
in  hospital. — (i.)  A  justice,  on  being  satisfied  that  a 
person  suffering  from  any  dangerous  infectious  dis- 
ease is  in  a  hospital,  and  would  not  on  leaving  the 
hospital  be  provided  with  lodging  or  accommodation  in 
which  proper  precautions  could  be  taken  to  prevent 
the  spreading  of  the  disease  by  such  person,  may 
direct  such  person  to  be  detained  in  the  hospital  at 
the  cost  of  the  Metropolitan  Asylum  Managers  during 
the  time  limited  by  the  justice.  Any  justice  may 
enlarge  the  time  as  often  as  appears  to  him  necessary 
for  preventing  the  spread  of  the  disease. 

(2.)  The  direction  may  be  carried  into  execution  by 
any  officer  of  any  sanitary  authority,  or  of  the  Metro- 
politan Asylum  Managers,  or  by  any  inspector  of 
police,  or  any  officer  of  the  hospital. 

68.  Penalty  on  exposure  of  infected  persons  and  things. 
— (i.)  If  any  person — 

[a.)  while  suffering  from  any  dangerous  infectious 
disease  wilfully  exposes  himself  without  proper 
precautions  against  spreading  the  said  disease 
in  any  street,  public  place,  shop,  or  inn  ;  or 
(6.)  being  in  charge  of  any  person  so  suffering,  so 

exposes  such  sufferer  ;  or 
(c.)  gives,  lends,  sells,  transmits,  removes,  or  ex- 
poses, without  previous  disinfection,  any  bedding, 
clothing,   or  other  articles  which  have  been 
exposed  to  infection  from  any  such  disease  ; 
he  shall  be  liable  to  a  fine  not  exceeding  five  pounds. 

(2.)  Provided  that  proceedings  under  this  section 
shall  not  be  taken  against  persons  transmitting  with 
proper  precautions  any  bedding,  clothing,  or  other 
articles  for  the  purpose  of  having  the  same  disinfected. 

69.  Prohibition  on  infected  person  carrying  on  business. 
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A.  person  who  knows  himself  to  be  suffering  from  a 
dangerous  infectious  disease  shall  not  milk  any 
animal  or  pick  fruit,  and  shall  not  engage  in  any 
occupation  connected  with  food  or  carry  on  any 
trade  or  business  in  such  a  manner  as  to  be 
likely  to  spread  the  infectious  disease,  and  if  he 
does  so  he  shall  be  liable  to  a  fine  not  exceeding  ten 
pounds. 

70  Prohibition  on  conveyance  of  infected  person  in 
public  'conveyance.— It  shall  not  be  lawful  for  any  owner 
or  driver  of  a  public  conveyance  knowingly  to  convey, 
or  for  any  other  person  knowingly  to  place,  m  any 
public  conveyance,  a  person  suffering  from  any  dan- 
gerous infectious  disease,  or  for  a  person  suffermg 
from  any  such  disease  to  enter  any  public  conveyance, 
and  if  he  does  so  he  shall  be  liable  to  a  fine  not  ex- 
ceeding ten  pounds ;  and,  if  any  person  so  suffermg  is 
conveyed  in  any  public  conveyance,  the  owner  or 
driver  thereof,  as  soon  as  it  comes  to  his  knowledge 
shall  give  notice  to  the  sanitary  authority,  and  shall 
cause  such  conveyance  to  be  disinfected,  and  if  he 
fails  so  to  do  he  shall  be  liable  to  a  fine  not  exceeding 
five  pounds,  and  the  owner  or  driver  of  such  con- 
veyance shall  be  entitled  to  recover  in  a  summary 
manner  from  the  person  so  conveyed  by  him,  or  from 
the  person  causing  that  person  to  be  so  conveyed,  a 
sum  sufficient  to  cover  any  loss  and  expense  incurred 
by  him  in  connexion  with  such  disinfection.    It  shall 
be  the  duty  of  the  sanitary  authority,  when  so 
requested  by  the  owner  or  driver  of  such  public 
conveyance,  to  provide  for  the  disinfection  of  the 
same,  and  they  may  do  so  free  of  charge. 

71  Inspection  of  dairies,  and  power  to  prohibit  supply  of 
milk—h.)  If  the  medical  officer  of  health  of  any 
district  has  evidence  that  any  person  in  the  district  is 
suffering  from  a  dangerous  infectious  disease  attribut- 
able to  milk  supplied  within  the  district  from  any 
dairy  situate  within  or  without  the  district,  or  that  the 
consumption  of  milk  from  such  dairy  is  likely  to 
cause  any  such  infectious  disease  to  any  person  resid- 
ing in  the  district,  such  medical  officer  shall,  it  autho- 
rised by  an  order  of  a  justice  having  jurisdiction  in 
the  place  where  the  dairy  is  situate,  have  power  to 
inspect  the  dairy,  and  if  accompanied  by  a  veterinary 
inspector  or  some  other  proper  qualified  veterinary 
surgeon  to  inspect  the  animals  therein  ;  and  it  on 
such  inspection  the  medical  officer  of  health  is  of 
opinion  that  any  such  infectious  disease  is  caused 
from  consumption  of  the  milk  supplied  therefrom  he 
shall  report  thereon  to  the  sanitary  authority  and  his 
report  shall  be  accompanied  by  any  report  furnished 
to  him  by  the  said  veterinary  inspector  or  veterinary 
surgeon,  and  the  sanitary  authority  may  thereupon 
serve  on  the  dairyman  notice  to  appear  before  them 
within  such  time,  not  less  than  twenty-four  hours,as  may 
be  specified  in  the  notice,  to  show  cause  why  an  order 
should  not  be  made  requiring  him  not  to  supply  any 
milk  therefrom  within  the  district  until  the  order  has 
been  withdrawn  by  the  sanitary  authority.  _ 

(2)  The  sanitary  authority,  if  in  their  opinion  he 
fails  to  show  such  cause,  may  make  the  said  order 
and  shall  forthwith  serve  notice  of  the  facts  on  the 
county  council  of  the  county  in  which  the  dairy  is 
situate,  and  on  the  Local  Government  Board,  and  it 
the  dairy  is  situate  within  the  district  of  another 
sanitary  authority,  on  such  authority. 

h )  The  said  order  shall  be  forthwith  withdrawn 
on  the  sanitary  authority  or  their  medical  officer  of 
health  on  their  behali  being  satisfied  that  the  milk 


supply  has  been  changed,  or  that  the  cause  of  the 

infection  has  been  removed. 

(4.)  If  any  person  refuses  to  permit  the  medical 
officer  of  health,  on  the  production  of  a  justice's  order 
under  this  section,  to  inspect  any  dairy,  or  if  so  ac- 
companied as  aforesaid  to  inspect  the  animals  kept 
there,  or,  after  any  such  order  has  been  made, 
supplies  any  milk  within  the  district  in  contravention 
of  the  order  or  sells  it  for  consumption  therein,  he 
shall,  on  the  information  of  the  sanitary  authority,  be 
liable  to  a  fine  not  exceeding  five  pounds,  and,  if  the 
offence  continues,  to  a  further  fine  not  exceeding  forty 
shillings  for  every  day  during  which  the  oftence  con- 
tinues. 

(5.)  Provided  that — 

(a.)  proceedings  in  respect  of  the  offence  shall  be 

taken  before  a  court  having  jurisdiction  in  the 

place  where  the  dairy  is  situate,  and 
lb  )  a  dairyman  shall  not  be  liable  to  an  action  for 

breach  of  contract  if  the  breach  be  due  to  an 

order  under  this  section. 
(6.)  Proceedings  may  be  taken  under  this  section  in 
respect  of  a  dairy  situate  in  the  district  of  a  local 
authority  under  the  Public  Health  Acts,  and  the 
notice  of  the  facts  shall  be  served  on  the  local  autho- 
rity as  if  they  were  a  sanitary  authority  withm  the 
meaning  of  this  Act.  . 

(7  )  Nothing  in  or  done  under  this  section  shall 
interfere  with  the  operation  or  effect  of  the  Contagious 
Diseases  (Animals)  Acts,  1878  to  1886,  or  this  Act,  or 
of  any  order,  licence,  or  act  of  the  Board  of  Agricul- 
ture or  the  Local  Government  Board  thereunder,  or 
of  any  order,  byelaw,  regulation,  licence,  or  act  of  a 
local  authority  made,  granted,  or  done  under  any 
such  order  of  the  Board  of  Agriculture  or  the  Local 
Government  Board,  or  exempt  any  dairy,  building,  or 
thing  or  any  person  from  the  provisions  of  any 
general  Act  relating  to  dairies,  milk,  or  animals. 

72  Prohibition  of  retention  of  dead  body  in  certain 
cases  — (i  )  A  person  shall  not  without  the  sanction  m 
writing  of  the  medical  officer  of  health,  or  of  a  legally 
qualified  medical  practitioner,  retain  unburied  for 
more  than  forty-eight  hours  elsewhere  than  in  a  room 
not  used  at  the  time  as  a  dwelling-place,  sleeping- 
place,  or  work-room,  the  body  of  any  person  who  has 
died  of  any  dangerous  infectious  disease. 

(2  )  If  a  person  acts  in  contravention  of  this  section 
he  shall  on  the  information  of  the  sanitary  anthonty. 
be  liable  to  a  fine  not  exceeding  five  pounds. 

73  Body  of  person  dying  of  infectious  disease  in  hospital, 
S^c.  to  be  removed  only  for  burial.-(i.)  If  a  person  dies 
in  a  hospital  from  any  dangerous  infectious  disease, 
and  the  medical  officer  of  health,  or  any  legally 
qualified  medical  practitioner,  certifies  that  in  his 
opinion  it  is  desirable,  in  order  to  prevent  the  risk  ol 
communicating  such  infectious  disease,  that  the  body 
be  not  removed  from  such  hospital  except  for  the 
purpose  of  being  forthwith  buried,  it  shall  not  be 
lawful  for  any  person  to  remove  the  body  except  for 
that  purpose  ;  and  the  body  when  taken  out  of  such 
hospital  shall  be  forthwith  taken  direct  to  the  place  ot 
burial,  and  there  buried.  „„^:„^t  thi^ 

(2 )  If  any  person  wilfully  offends  against  this 
section  he  shall,  on  the  information  of  the  sanitary 
authority,  be  liable  to  a  fine  not  exceeding  ten  pounds. 

U  )  Nothing  in  this  section  shall  prevent  the  re- 
moval of  a  dead  body  from  a  hospital  to  a  mortuary 
and  such  mortuary  shall,  for  the  purposes  of  this 
section,  be  deemed  part  of  such  hospital. 
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74.  Disinfection  of  public  conveyances  if  used  for 
carrying  corpses. — If — 

(a.)  a  person  hires  or  uses  a  public  conveyance 
other  than  a  hearse  for  conveying  the  body  of  a 
person  who  has  died  from  any  dangerous  in- 
fectious disease,  without  previously  notifying  to 
the  owner  or  driver  of  the  conveyance  that  such 
person  died  from  infectious  disease,  or 
(i.)  the  owner  or  driver  does  not,  immediately  after 
the  conveyance  has  to  his  knowledge  been  used 
for  conveying  such  body,  provide  for  the  disin- 
fection of  the  conveyance, 
he  shall,  on  the  information  of  the  sanitary  authority, 
be  liable  to  a  fine  not  exceeding  five  pounds,  and  if 
the  offence  continues  to  a  further  fine  not  exceeding 
forty  shillings  for  every  day  during  which  the  offence 
continues. 

Hospitals  and  Ambulances. 

75.  Power  of  sanitary  authority  to  provide  hospitals. — 
(r.)  Any  sanitary  authority  may  provide  for  the  use 
of  the  inhabitants  of  their  district  hospitals  temporary 
or  permanent,  and  for  that  purpose  may — 

(a.)  themselves  build  such  hospitals,  or 
(b)  contract  for  the  use  of  any  hospital  or  part  of  a 
hospital,  or 

(c.)  enter  into  any  agreement  with  any  person 
having  the  management  of  any  hospital  for  the 
reception  of  the  sick  inhabitants  of  their  district, 
on  payment  of  such  annual  or  other  sum  as  may 
be  agreed  on. 

(2.)  Two  or  more  sanitary  authorities  may  combine 
in  providing  a  common  hospital. 

76.  Recovery  of  cost  of  maintenance  of  non-infectious 
patient  in  hospital. — Any  expenses  incurred  by  a 
sanitary  authority  in  maintaining  in  a  hospital 
(whether  or  not  belonging  to  that  authority)  a  patient 
who  is  not  a  pauper,  and  is  not  suffering  from  an 
infectious  disease,  shall  be  a  simple  contract  debt  due 
to  the  sanitary  authority  from  that  patient,  or  from 
any  person  liable  by  law  to  maintain  him,  but 
proceedings  for  its  recovery  shall  not  be  commenced 
after  the  expiration  of  six  months  from  the  discharge 
of  the  patient,  or  if  he  dies  in  such  hospital  from  the 
date  of  his  death. 

77.  Power  to  provide  temporary  supply  of  medicine.  — 
Any  sanitary  authority  may,  with  the  sanction  of  the 
Local  Government  Board,  themselves  provide,  or 
contract  with  any  person  to  provide,  a  temporary 
supply  of  medicine  and  medical  assistance  for  the 
poorer  inhabitants  of  their  district. 

78.  Provision  of  conveyance  for  infected  persons.— K 
sanitary  authority  may  provide  and  maintain  carriages 
suitable  for  the  conveyance  of  persons  suffering  from 
any  infectious  disease,  and  pay  the  expense  of 
conveying  therein  any  person  so  suffering  to  a 
hospital  or  other  place  of  destination. 

79.  Power  for  Metropolitan  Asylum  Board  to  provide 
landing  places,  vessels,  ambulances,  &-c.—(i.)  The  Metro- 
politan Asylum  Managers  shall  continue  to  maintain 
the  wharves,  landing-places,  and  approaches  thereto 
heretofore  provided  by  them,  whether  within  or 
without  London,  and  may  use  the  same  for  the 
embarkation  and  landing  of  persons  removed  to  or 
from  any  hospital  belonging  to  the  Managers,  and  for 
any  other  purpose  in  relation  thereto. 

(2.)  The  Managers  may  also  provide  and  maintain 
vessels  for  use  in  connexion  with  the  said  wharves  or 
landing-places,  and  with  the  hospitals  of  the  Managers 


and  also  carriages  suitable  for  the  conveyance  of 
persons  suffering  from  any  dangerous  infectious 
disease,  and  shall  cause  the  vessels  and  carriages  to 
be  from  time  to  time  properly  cleansed  and  disinfected, 
and  may  provide  and  maintain  such  buildings  and 
horses,  and  employ  such  persons,  and  do  such  other 
things  as  are  necessary  or  proper  for  the  purposes  of 
such  conveyance. 

(3.)  The  Metropolitan  Asylum  Managers  may  allow 
any  of  the  said  carriages  with  the  necessary  attendants 
to  be  also  used  for  the  conveyance  of  persons  suffering 
from  any  dangerous  infectious  disease  to  and  from 
hospitals  and  places  other  than  hospitals  provided  by 
the  Managers,  and  may  make  a  reasonable  charge  for 
that  use. 

80.  Reception  of  non-pauper  fever  and  small-pox 
patients  into  hospital  in  Metropolitan  district. — (i.)  The 
Metropolitan  Asylum  Managers,  subject  to  such 
regulations  and  restrictions  as  the  Local  Government 
Board  prescribe,  may  admit  any  person,  who  is  not' 
a  pauper,  and  is  reasonably  believed  to  be  suffering 
from  fever  or  small-pox  or  diphtheria,  into  a  hospital 
provided  by  the  Managers. 

(2.)  The  expenses  incurred  by  the  Managers  for  the 
maintenance  of  any  such  person  shall  be  paid  by  the 
board  of  guardians  of  the  poor  law  union  from  which 
he  is  received. 

(3.)  The  said  expenses  shall  be  repaid  to  the  board 
of  guardians  out  of  the  metropolitan  common  poor 
fund. 

(4.)  The  admission  of  a  person  suffering  from  an 
infectious  disease  into  any  hospital  provided  by  the 
Metropolitan  Asylum  Managers,  or  the  maintenance 
of  any  such  person  therein,  shall  not  be  considered  to 
be  parochial  relief,  alms,  or  charitable  allowance  to 
any  person,  or  to  the  parent  or  husband  of  any  person ; 
nor  shall  any  person  or  his  or  her  parent  or  husband 
be  by  reason  thereof  deprived  of  any  right  or  privilege, 
or  be  subjected  to  any  disability  or  disqualification. 

81.  Reception  into  hospital  in  Metropolitan  district  of 
child  from  school  outside  London. — (i .)  Where  the  London 
School  Board  send  any  child  to  an  industrial  school 
which  is  provided  by  them  outside  London,  such  child 
shall  for  the  purpose  of  the  enactments  relating  to  the 
Metropolitan  Asylum  Managers  be  deemed  to  con- 
tinue to  be  an  inhabitant  of  London,  and  if  such  child 
is  sent  to  any  hospital  of  those  Managers  he  shall  be 
deemed  to  have  been  sent  from  that  place  in  London 
from  which  he  was  sent  to  the  said  industrial  school. 

(2.)  This  section  shall  apply  to  that  part  of  London 
which  is  not  within  the  Metropolitan  Asylum  district 
as  if  it  were  within  that  district,  and  the  board  of 
guardians  of  the  poor  law  union  comprising  that  part 
shall  pay  for  such  child  accordingly. 

Prevention  of  Epidemic  Diseases. 

82.  Sanitary  authority  to  execute  epidemic  regulations. 
— (i.)  The  sanitary  authority  of  any  district  within 
which  or  part  of  which  regulations  issued  by  the  Local 
Government  Board  in  pursuance  of  section  one  hundred 
and  thirty-four  of  the  Public  Health  Act,  1875  (38  &  39 
Vict.  c.  55),  set  out  in  the  First  Schedule  to  this 
Act  (in  this  Act  referred  to  as  the  epidemic  regulations) 
are  in  force,  shall  superintend  and  see  to  the  execution 
thereof,  and  shall  appoint  and  pay  such  medical  or 
other  ofiflcers  or  persons,  and  do  and  provide  all  such 
acts,  matters,  and  things,  as  may  be  necessary  for 
mitigating  any  disease  to  which  the  regulations  relate, 
or  for  superintending  or  aiding  in  the  execution  of  such 
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regulations,  or  for  executing  the  same,  as  the  case  may 
require. 

(2.)  The  sanitary  authority  may  direct  any  prose- 
cution or  legal  proceedings  for  or  in  respect  of  the 
wilful  violation  or  neglect  of  any  such  regulation. 

{3  )  The  sanitary  authority  shall  have  power  to 
enter  on  any  premises  or  vessel  for  the  purpose  of 
executing  or  superintending  the  execution  of  any  of 
the  epidemic  regulations. 

83  Poor  law  tnedical  officers  entitled  to  costs  of  atten- 
dance on  board  vessels.— (i.)  Whenever,  in  compliance 
with  the  epidemic  regulations,  any  poor  law  medical 
officer  performs  any  medical  service  on  board  any 
vessel,  he  shall  be  entitled  to  charge  extra  for  such 
service,  at  the  general  rate  of  his  allowance  for  services 
for  the'poor  law  union  for  which  he  is  appointed  ;  and 
such  charges  shall  be  paid  by  the  master  of  the  vessel 
on  behalf  of  the  owners  thereof,  together  with  any 
reasonable  expenses  for  the  treatment  of  the  sick 

(2.)  Where  such  service  is  rendered  by  any  medical 
practitioner  who  is  not  a  poor  law  medical  officer,  he 
shall  be  entitled  to  charge  for  the  service  with  extra 
remuneration  on  account  of  distance,  at  the  rate 
which  he  is  in  the  habit  of  receiving  from  private 
patients  of  the  class  of  those  attended  and  treated  on 
shipboard,  and  such  charge  shall  be  paid  as  aforesaid. 
Any  dispute  in  respect  of  such  charge  may,  where 
the  charges  do  not  exceed  twenty  pounds,  be  deter- 
mined by  a  petty  sessional  court ;  and  that  court  shall 
determine  summarily  the  amount  which  is  reasonable, 
according  to  the  accustomed  rate  of  charge  within  the 
place  where  the  dispute  arises  for  attendance  on 
patients  of  the  like  class  as  those  in  respect  of  whom 
the  charge  is  made. 

84  Local  Government  Board  may  combine  sanitary 
authorities.— The  Local  Government  Board  may,  if 
they  think  fit,  by  order  authorise  or  require  any  two 
or  more  sanitary  authorities  to  act  together  for  the 
purposes  of  the  epidemic  regulations  and  prescribe 
the  mode  of  such  joint  action,  and  of  defraying  the 
cost  thereof,  and  generally  may  make  any  regulations 
necessary  or  proper  for  carrying  into  execution  this 
section. 

85.  Metropolitan  Asylum  Managers  a  sanitary  authority 
for  prevention  of  epidemic  diseases,— {1.)  The  Metro- 
politan Asylum  Managers  shall  within  their  district 
have  for  the  purpose  of  the  epidemic  regulations  such 
powers  and  duties  of  a  sanitary  authority  as  may  be 
assigned  to  them  by  the  regulations ;  and  the  Local 
Government  Board  may  make  regulations  for  that 
purpose  and  thereby  provide  for  the  adjustment  of 
the  functions  of  the  Managers  relatively  to  those  of 
any  sanitary  authorities. 

(2  )  Subject  to  such  regulations  the  Metropolitan 
Asylum  Managers  may  use  any  of  their  property 
real  or  personal,  and  their  staff,  for  the  execution  of 
any  powers  or  duties  conferred  or  imposed  on  them 
under  this  section. 

86  Pow'*  hospitals,  dc.—Any  authority  or 

body  of  persons  having  the  management  and  control 
of  any  hospital,  infirmary,  asylum,  or  workhouse  may 
let  the  same  or  any  part  thereof  to  the  Metropolitan 
Asylum  Managers,  and  enter  into  and  carry  into  eflect 
contracts  with  those  Managers  for  the  reception, 
treatment,  and  maintenance  therein  of  persons  sufler- 
ing  from  cholera  or  choleraic  diarrhoea  within  the 
district  of  the  Managers  : 
Provided  that  the  power  conferred  by  this  section 


shall  not,  without  the  consent  of  the  Local  Govern- 
ment Board,  be  exercised  with  respect  to  any  asylum 
under  the  Metropolitan  Poor  Act,  1867  (30  &  31  Vict, 
c.  6.)  or  any  workhouse. 

87.  Repaymentto  sanitary  authorities  of  certain  expenses. 

 The  amount  expended  in  pursuance  of  the  epidemic 

regulations  by  any  sanitary  authority  in  providing 
any  building  for  the  reception  of  patients  or  other 
persons  shall,  to  such  extent  as  may  be  determined  by 
the  Local  Government  Board,  together  with  two  thirds 
of  the  salaries  or  remuneration  of  any  officers  or 
servants  employed  in  any  such  building  under  this 
Act,  be  repaid  to  such  sanitary  authority  from  the 
metropolitan  common  poor  fund  by  the  receiver  of 
that  fund,  out  of  any  moneys  for  the  time  being  in  his 
hands,  on  the  precept  of  the  said  Board,  to  be  issued 
after  the  production  of  such  evidence  in  support  of 
the  expenditure  as  they  may  deem  satisfactory,  and 
the  said  Board  may  require  contributions  for  the 
purpose  of  raising  the  sums  so  repayable. 

Mortuaries,  &c. 

88.  Power  of  local  authority  to  provide  mortuaries. — 
Every  sanitary  authority  shall  provide  and  fit  up  a 
proper  place  for  the  reception  of  dead  bodies  before 
interment  (in  this  Act  called  a  mortuary),  and  may 
make  byelaws  with  respect  to  the  management  and 
charges  for  the  use  of  the  same  ;  they  may  also  provide 
for  the  decent  and  economical  interment,  at  charges 
to  be  fixed  by  such  byelaws,  of  any  dead  body  received 
into  a  mortuary. 

89.  Power  of  jmtice  in  certain  cases  to  order  removal  oj 
dead  body  to  mortuary.— (i.)  Where  either— 

(a.)  the  body  of  a  person  who  has  died  of  any 
infectious  decease  is  retained  in  a  room  in  which 
persons  live  or  sleep  ;  or 
(6.)  the  body  of  a  person  who  Has  died  of  any 
dangerous  infectious  disease  is  retained  without 
the  sanction  of  the  medical  officer  of  health  or 
any  legally  qualified  medical  practitioner  for 
more  than  forty-eight  hours,  elsewhere  than  in  a 
room  not  used  at  the  time  as  a  dwelling-place, 
sleeping-place,  or  work-room ;  or 
(c  )  any  dead  body  is  retained  in  any  house  or  room, 
so  as  to  endanger  the  health  of  the  inmates 
thereof,  or  of  any  adjoining  or  neighbouring  house 
or  building,  .      ,  .  j-  , 

a  justice  may,  on  a  certificate  signed  by  a  medica 
officer  of  health  or  other  legally  qualified  medical 
practitioner,  direct  that  the  body  be  removed,  at  the 
cost  of  the  sanitary  authority,  to  any  available  mortu- 
ary and  be  buried  within  the  time  limited  by  the 
justice;  and  may  if  it  is  the  body  of  a  person  who 
has  died  of  an  infectious  disease,  or  if  he  considers 
immediate  burial  necessary,  direct  that  the  body  be 
buried  immediately,  without  removal  to  the  mor- 

^"(2^)  Unless  the  friends  or  relations  of  the  deceased 
undertake  to  bury  and  do  bury  the  body  within  the 
time  so  limited,  it  shall  be  the  duty  of  the  relieving 
officer  to  bury  such  body,  and  any  expense  so  incurred 
shall  be  paid  (in  the  first  instance)  by  the  board  of 
guardians  of  the  poor  law  union,  but  may  be  recovered 
by  them  in  a  summary  manner  from  any  person 
legally  liable  to  pay  the  expense  of  such  burial. 

(3    If  any  person  obstructs  the  execution  of  any 
direction  given  by  a  justice  under  this  section,  he 
shall  be  liable  to  a  fine;iot  exceeding  five  pounds. 
90.  Power  of  sanitary  authority  to  provide  flues  lor 
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post-mortem  examinations. — (i.)  Any  sanitary  authority 
may,  and  if  required  by  the  county  council  shall, 
provide  and  maintain  a  proper  building  (otherwise 
than  at  a  workhouse)  for  the  reception  of  dead  bodies 
during  the  time  required  to  conduct  any  post-mortem 
examination  ordered  by  a  coroner  or  other  constituted 
authority,  and  may  make  regulations  with  respect  to 
the  management  of  such  building. 

(2.)  Any  such  building  may  be  provided  in  con- 
nexion with  a  mortuary,  but  this  enactment  shall  not 
authorise  the  conducting  of  any  post-mortem  exam- 
ination in  a  mortuary. 

91.  Power  to  sanitary  authorities  to  unite  for  providing 
mortuary. — Any  sanitary  authorities  may,  with  the 
approval  of  the  county  council,  execute  their  duty 
under  this  Act  with  respect  to  mortuaries  and  build- 
ings for  post-mortem  examinations  by  combining  for 
the  purpose  thereof,  or  by  contracting  for  the  use  by 
one  of  the  contracting  authorities  of  any  such 
mortuary  or  building  provided  by  another  of  such 
contracting  authorities,  and  may  so  combine  or  con- 
tract upon  such  terms  as  may  be  agreed  upon. 

92.  Place  for  holding  inquests. — The  county  council 
shall  provide  and  maintain  proper  accommodation 
for  the  holding  of  inquests,  and  may  by  agreement 
with  a  sanitary  authority  provide  and  maintain  the 
same  in  connexion  with  a  mortuary  or  a  building  for 
post-mortem  examinations  provided  by  that  authority, 
or  with  any  building  belonging  to  that  authority,  and 
may  do  so  on  such  terms  as  may  be  agreed  on  with 
the  authority. 

93.  Mortuary  for  unidentijied  bodies. — (i.)  Thecounty 
council  may  provide  and  fit  up  in  London  one  or  two 
suitable  buildings  to  which  dead  bodies  found  in 
London  and  not  identified,  together  with  any  clothing, 
articles,  and  other  things  found  with  or  on  such  dead 
bodies,  may  on  the  order  of  a  coroner  be  removed,  and 
in  which  they  may  be  retained  and  preserved  with 
a  view  to  the  ultimate  identification  of  such  dead 
bodies. 

(2.)  A  Secretary  of  State  may  make  regulations  as 
to— 

(a.)  the  manner  in  which  and  conditions  subject  to 
which  any  such  bodies  shall  be  removed  to  any 
such  building,  and  the  payments  to  be  made  at 
such  building  to  persons  bringing  any  unidentified 
dead  body  for  reception  ;  and 
(6.)  the  fees  and  charges  to  be  paid  upon  the  re- 
moval or  interment  of  any  such  dead  body  which 
has  been  identified  after  its  reception,  and  the 
persons  by  whom  such  fees  and  payments  are  to 
be  made,  and  the  manner  and  method  of  recover- 
ing the  same ;  and 
c.)  the  disposal  and  interment  of  any  such  bodies. 
3.)  The  county  council  may  provide  at  the  said 
buildings  all  such  appliances  as  they  think  expedient 
for  the  reception  and  preservation  of  bodies,  and  may 
make  regulations  (subject  to  the  provisions  aforesaid) 
as  to  the  management  of  the  said  buildings  and  the 
bodies  therein,  and  as  to  the  conduct  of  persons  em- 
ployed therein  or  resorting  thereto  for  the  purpose  of 
identifying  any  body. 

(4.)  Subject  to  and  in  accordance  with  such  regula- 
tions as  may  be  made  by  a  Secretary  of  State,  any 
such  body  found  in  London  may  (on  the  order  in 
writing  of  a  coroner  holding  or  having  jurisdiction  to 
hold  the  inquest  on  the  same)  be  removed  to  any 
building  provided  under  this  section,  and  subject  as 
aforesaid  the  inquest  on  any  such  body  shall  be  held 


by  the  same  coroner  and  in  the  same  manner  as  if  the 
said  building  were  within  the  district  of  such  coroner. 

Byelaws  as  to  Houses  let  in  Lodgings. 

94.  — Power  of  sanitary  authority  to  make  byelaws  as  to 
lodging-homes.— (i.)  Every  sanitary  authority  shall 
make  and  enforce  such  byelaws  as  are  requisite  for 
the  following  matters  ;  (that  is  to  say), 

{a.)  for  fixing  the  number  of  persons  who  may 
occupy  a  house  or  part  of  a  house  which  is  let  in 
lodgings  or  occupied  by  members  of  more  than 
one  family,  and  for  the  separation  of  the  sexes  in 
a  house  so  let  or  occupied  : 

b.  )  for  the  registration  of  houses  so  let  or  occupied  : 

c.  )  for  the  inspection  of  such  houses  : 
(d.)  for  enforcing  drainage  for  such  houses,  and  for 

promoting  cleanliness  and  ventilation  in  such 
houses  : 

(«.)  for  the  cleansing  and  lime-washing  at  stated 

times  of  the  premises  : 
(f.)  for  the  taking  of  precautions  in  case  of  any 

infectious  disease. 
(2,)  This  section  shall  not  apply  to  common  lodging- 
houses  within  the  Common  Lodging  Houses  Act, 
1851  (14  &  15  Vict.  c.  28,  16  &  17  Vict.  c.  41),  or  any 
Act  amending  the  same. 

Tents  and  Vans. 

95.  — Tents  and  vans  used  for  human  habitation. — (i.) 
A  tent,  van,  shed,  or  similar  structure  used  for  human 
habitation,  which  is  in  such  a  state  as  to  be  a  nuisance 
or  injurious  or  dangerous  to  health,  or  is  so  over- 
crowded as  to  be  injurious  or  dangerous  to  the  health 
of  the  inmates,  whether  or  not  members  of  the  same 
family,  shall  be  a  nuisance  liable  to  be  dealt  with 
summarily  under  this  Act. 

(2.)  A  sanitary  authority  may  make  byelaws  for 
promoting  cleanliness  in,  and  the  habitable  condition 
of  tents,  vans,  sheds,  and  similar  structures  used  for 
human  habitation,  and  for  preventing  the  spread  of 
infectious  disease  by  the  persons  inhabiting  the  same, 
and  generally  for  the  prevention  of  nuisances  in  con- 
nexion with  the  same. 

(3.)  Where  any  person  duly  authorised  by  a  sanitary 
authority  or  by  a  justice  has  reasonable  cause  to 
suppose  either — 

(a.)  that  any  tent,  van,  shed,  or  similar  structure 
used  for  human  habitation  is  in  such  a  state  or  so 
overcrowded  as  aforesaid,  or  that  there  is  any 
contravention  therein  of  any  byelaw  made  under 
this  section ;  or 

(b.)  that  there  is  in  any  such  tent,  van,  shed,  or 
structure  any  person  suffering  from  a  dangerous 
infectious  disease, 
he  may  enter  by  day  such  tent,  van,  shed,  or  structure, 
and  examine  the  same  and  every  part  thereof  in  order 
to  ascertain  whether  such  tent,  van,  shed,  or  structure 
is  in  such  a  state  or  so  overcrowded  as  aforesaid,  or 
whether  there  is  therein  any  such  contravention,  or  a 
person  suffering  from  a  dangerous  infectious  disease, 
and  the  provisions  of  this  Act  with  respect  to  the 
entry  into  any  premises  by  an  officer  of  the  sanitary 
authority  shall  apply  to  the  entry  by  any  person  duly 
authorised  as  aforesaid. 

(4.)  Nothing  in  this  section  shall  apply  to  any  tent, 
van,  shed,  or  structure  erected  or  used  by  any  portion 
of  Her  Majesty's  naval  or  military  forces. 

Underground  Rooms. 
96:  Provisions  as  to  the  occupation  of  underground 
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rooms  as  dwellings.— (i.)  Any  underground  room,  which 
was  net  let  or  occupied  separately  as  a  dwelling  be- 
fore the  passing  of  this  Act,  shall  not  be  so  let  or 
occupied  unless  it  possesses  the  following  requisites  ; 

that  is  to  say,  ,       ,  ^ , 

(a  )  unless  the  room  is  in  every  part  thereof  at  least 
seven  feet  high  measured  from  the  floor  to  the 
ceiling,  and  has  at  least  three  feet  of  its  height 
above  the  surface  of  the  street  or  ground  adjoining 
or  nearest  to  the  room :  Provided  that,  if  the 
width  of  the  area  herein-after  mentioned  is  not 
less  than  the  height  of  the  room  from  the  floor  to 
the  said  surface  of  the  street  or  ground,  the  height 
of  the  room  above  such  surface  may  be  less  than 
three  feet,  but  it  shall  not  in  any  case  be  less  than 
one  foot,  and  the  width  of  the  area  need  not  in 
any  case  be  more  than  six  feet ; 
(b.)  unless  every  wall  of  the  room  is  constructed 
with  a  proper  damp  course,  and,  if  in  contact 
with  the  soil,  is  effectually  secured  against  damp- 
ness from  that  soil ; 
(c.)  unless  there  is  outside  of  and  adjoining  the  room 
and  extending  along  the  entire  frontage  thereof 
and  upwards  from  six  inches  below  the  level  of 
the  floor  thereof  an  open  area  properly  paved  at 
least  four  feet  wide  in  every  part  thereof :  Pro- 
vided that  in  the  area  there  may  be  placed  steps 
necessary  for  access  to  the  room,  and  over  and 
across  such  area  there  may  be  steps  necessary 
for  access  to  any  building  above  the  underground 
room,  if  the  steps  in  each  case  be  so  placed  as 
not  to  be  over  or  across  any  external  window  ; 
(d.)  unless  the  said  area  and  the  soil  immediately 

below  the  room  are  effectually  drained  ; 
(e  )  unless,  if  the  room  has  a  hollow  floor,  the  space 
beneath  it  is  sufficiently  ventilated  to  the  outer 

.  ^  .1- 

(/.)  unless  any  drain  passing  under  the  room  is 

properly  constructed  of  a  gas-tight  pipe ; 
(g.)  unless  the  room  is  effectually  secured  against 

the  rising  of  any  effluvia  or  exhalation  ; 
(h.)  unless  there  is  appurtenant  to  the  room  the  use 
of  a  water-closet  and  a  proper  and  sufficient 
ash-pit ;  •,  j 

'  (t.)  unless  the  room  is  effectually  ventilated ; 
(j.)  unless  the  room  has  a  fire-place  with  a  proper 

chimney  or  flue ; 
Ik.)  unless  the  room  has  one  or  more  windows 
opening  directly  into  the  external  air  with  a  total 
area  clear  of  the  sash  frames  equal  to  at  least  one 
tenth  of  the  floor  area  of  the  room,  and  so  con- 
structed that  one  half  at  least  of  each  window  of 
the  room  can  be  opened,  and  the  opening  in  each 
case  extends  to  the  top  of  the  window. 
(2  )  If  any  person  lels  or  occupies,  or  continues  to 
let,  or  knowingly  sufi"ers  to  be  occupied,  any  under- 
ground room  contrary  to  this  enactment,  he  shall  be 
liable  to  a  fine  not  exceeding  twenty  shillings  for  every 
day  during  which  the  room  continues  to  be  so  let  or 
occupied. 

(3.)  The  foregoing  provisions  shall  at  the  expira- 
tion of  six  months  after  the  commencement  of  this 
Act  extend  to  underground  rooms  let  or  occupied 
separately  as  dwellings  before  the  passing  of  this  Act, 
except  that  the  sanitary  authority,  either  by  general 
regulations  providing  for  classes  of  underground 
rooms,  or  on  the  application  of  the  owner  6f  such 
room  in  any  particular  case,  may  dispense  with  or 
modify  any  of  the  said  requisites  which  involve  the 
■tructural  alteration  of  the  building,  if  they  are  of 


opinion  that  they  can  properly  do  so  having  due 
regard  to  the  fitness  of  the  room  for  human  habitation, 
to  the  house  accommodation  in  the  district,  and  to 
the  sanitary  condition  of  the  inhabitants  and  to  other 
circumstances,  but  any  requisite  which  was  required 
before  the  passing  of  this  Act  shall  not  be  so  dispensed 
with  or  modified. 

(4.)  The  dispensations  and  modifications  may  be 
allowed  either  absolutely  or  for  a  limited  time,  and 
may  be  revoked  and  varied  by  the  sanitary  authority, 
and  shall  be  recorded  together  with  the  reasons  in  the 
minutes  of  the  sanitary  authority. 

(5.)  If  the  owner  of  any  room  feels  aggrieved  by  a 
dispensation  or  modification  not  being  allowed  as 
regards  that  room,  he  may  appeal  to  the  Local 
Government  Board,  and  that  Board  may  refuse  the 
dispensation  or  modification,  or  allow  it  wholly  or 
partly,  as  if  they  were  the  sanitary  authority.  Such 
allowance  may  be  revoked  or  varied  by  the  Board, 
but  not  by  the  sanitary  authority. 

(6.)  Where  two  or  more  underground  rooms  are 
occupied  together,  and  are  not  occupied  in  conjunction 
with  any  other  room  or  rooms  on  any  other  floor  of 
the  same  house,  each  of  them  shall  be  deemed  to  be 
separately  occupied  as  a  dwelling  within  the  meaning 
of  this  section. 

(7.)  Every  underground  room  in  which  a  person 
passes  the  night  shall  be  deeiued  to  be  occupied  as  a 
dwelling  within  the  meaning  of  this  section;  and 
evidence  giving  rise  to  a  probable  presumption  that 
some  person  passes  the  night  in  an  underground  room 
shall  be  evidence,  until  the  contrary  is  proved,  that 
such  has  been  the  case. 

(8.)  Where  it  is  shown  that  any  person  uses  an 
underground  room  as  a  sleeping-place,  it  shall,  in  any 
proceeding  under  this  section,  lie  on  the  defendant  to 
show  that  the  room  is  not  separately  occupied  as  a 
dwelling. 

(9.)  For  the  purpose  of  this  section  the  expression 
"  underground  room"  includes  any  room  of  a  house 
the  surface  of  the  floor  of  which  room  is  more  than 
three  feet  below  the  surface  of  the  footway  of  the 
adjoining  street,  or  of  the  ground  adjoining  or  nearest 
to  the  room. 

97.  Enforcement  0/ provisions  as  to  underground  rooms. 
— (i.)' Any  officer  of  a  sanitary  authority  appointed  or 
determined  by  that  authority  for  the  purpose  shall, 
without  any  fee  or  reward,  report  to  the  sanitary 
authority,  at  such  times  and  in  such  manner  as  the 
sanitary  authority  may  order,  all  cases  in  which 
underground  rooms  are  occupied  contrary  to  this  Act 
in  the  district  of  such  authority.  . 

(2.)  Any  such  officer  or  any  other  person  having 
reasonable  grounds  for  believing  that  any  underground 
room  is  occupied  in  contravention  of  this  Act  may 
enter  and  inspect  the  same  at  any  hour  by  day  ;  and 
if  admission  is  refused  to  any  person  other  than  an 
officer  of  the  sanitary  authority  the  like  warrant  may 
be  granted  by  a  justice  under  this  Act  as  in  case  of 
refusal  to  admit  any  such  officer. 

(3.)  A  warrant  of  a  justice  authorising  an  entry  into 
an  underground  room  may  authorise  the  entry 
between  any  hours  specified  in  the  warrant. 

98.  Provision  in  case  0/ two  convictions  for  unlawfully 
occupying  underground  room.— "Where  two  convictions 
for  an  offence  relating  to  the  occupation  of  an  under- 
ground room  as  a  dwelling  have  taken  place  within  a 
period  of  three  months  (whether  the  persons  convicted 
were  or  were  not  the  same),  a  petty  sessional  court 
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rnay  direct  the  closing  of  the  underground  room  for 
such  period  as  the  court  may  deem  necessary,  or  may 
empower  the  sanitary  authority  of  the  district 
permanently  to  close  the  same,  in  such  manner  as 
they  think  fit,  at  their  own  cost. 

Authorities  for  Execution  of  Act. 

99,  Definition  of  sanitary  authority. — (i.)  Subject 
to  the  provisions  of  this  Act,  the  sanitary  authority 
for  the  execution  of  this  Act  (in  this  Act  referred  to  as 
"the  sanitary  authority")  shall  be  as  follows; 
(namely), 

(a.)  in  the  City  of  London  the  commissioners  of 
sewers ;  and 

(6.)  in  each  of  the  parishes  mentioned  in  Schedule 
A.)  to  the  Metropolis  Management  Act,  1855 
18  and  19  Vict.  c.  120),  as  amended  by  the 
Metropolis  Management  Amendment  Act,  1885 
(48  and  49  Vict.  c.  33),  and  the  Metropolis 
Management  (Battersea  and  Westminster)  Act, 
1887  (50  and  51  Vict.  c.  17),  other  than  Wool- 
wich, the  vestry  of  the  parish  ;  and 
if.)  in  each  of  the  districts  mentioned  in  Schedule 
(B.)  to  the  same  Act,  as  so  amended,  the  district 
board  for  the  district ;  and 
{d.)  in  the  parish  of  Woolwich,  the  local  board  of 
health ;  and 

(e.)  in  any  place  mentioned  in  Schedule  (C.)  to  the 
Metropolis  Management  Act,  1855,  the  board  of 
guardians  for  such  place  or  for  any  parish  or 
poor  law  union  of  which  it  forms  part,  or,  if  there 
is  no  such  board  of  guardians,  the  overseers  of 
the  poor  for  such  place,  or  for  the  parish  in  which 
it  is  situate,  and  the  said  guardians  and  overseers 
respectively  shall  have  the  same  powers  for  the 
purposes  of  this  Act  as  a  vestry  or  district  board 
have  under  this  Act,  and  their  expenses  shall  be 
defrayed  in  the  same  manner  as  the  expenses  of 
the  execution  of  the  Acts  relating  to  the  relief  of 
the  poor  are  defrayed  in  the  said  place. 
(2.)  The  area  within  which  this  Act  is  executed  by 
any  sanitary  authority  is  in  this  Act  referred  to  as 
the  district  of  that  authority. 

(3.)  The  purposes  for  which  a  committee  of  a 
vestry  or  district  board  may  be  appointed  under  the 
Metropolis  Management  Act,  1855,  and  the  Acts 
amending  the  same,  shall  include  the  purposes  of  this 
Act,  and  the  provisions  of  those  Acts  with  respect 
to  committees  shall  apply  accordingly. 

(4.)  Where  a  sanitary  authority  appoint  a  com- 
mittee for  the  purposes  of  this  Act,  that  committee, 
subject  to  the  terms  of  their  appointment,  may  serve 
and  receive  notices,  take  proceedings,  and  empower 
any  officer  of  the  authority  to  make  complaints  and 
take  proceedings  in  their  behalf,  and  otherwise  to 
execute  this  Act. 

(5.)  A  sanitary  authority  may  acquire  and  hold 
land  for  the  purposes  of  their  duties  without  any 
licence  in  mortmain. 

100.  Power  of  county  council  to  prosectcte  on  default  of 
sanitary  authority. — The  county  council,  on  it  being 
proved  to  their  satisfaction  that  any  sanitary  authority 
have  made  default  in  doing  their  duty  under  this  Act 
with  respect  to  the  removal  of  any  nuisance,  the  insti- 
tution of  any  proceedings,  or  the  enforcement  of  any 
byelaw,  may  institute  any  proceeding  and  do  any  act 
which  the  authority  might  have  instituted  or  done  for 
that  purpose,  and  shall  be  entitled  to  recover  from 
the  sanitary  authority  in  default  all  such  expenses  in 


and  about  the  said  proceeding  or  act  as  the  county 
council  incur,  and  are  not  recovered  from  any  other 
person,  and  have  not  been  incurred  in  any  unsuccessful 
proceeding. 

101,  Proceedings  on  complaint  to  Local  Government 
Board  of  default  of  sanitary  attthority. — (i.)  Where  com- 
plaint is  made  by  the  county  council  to  the  Local 
Government  Board  that  a  sanitary  authority  have 
made  default  in  executing  or  enforcing  any  provisions 
which  it  is  their  duty  to  execute  or  enforce  of  this 
Act,  or  of  any  byelaw  made  in  pursuance  thereof,  the 
Local  Government  Board,  if  satisfied  after  due  inquiry 
that  the  authority  have  been  guilty  of  the  alleged 
default,  and  that  the  complaint  cannot  be  remedied 
under  the  other  provisions  of  this  Act,  shall  make  an 
order  limiting  a  time  for  the  performance  of  the  duty 
of  such  authority  In  the  matter  of  such  complaint. 
If  such  duty  is  not  performed  by  the  time  limited  in 
the  order,  the  order  may  be  enforced  by  writ  of 
Mandamus,  or  the  Local  Government  Board  may 
appoint  the  county  council  to  perform  such  duty. 

(2.)  Where  such  appointment  is  made,  the  county 
council  shall,  for  the  purpose  of  the  execution  of  their 
duties  under  the  said  appointment,  have  all  the  powers 
of  the  defaulting  sanitary  authority,  and  all  expenses 
incurred  by  the  county  council  in  the  execution  of  the 
said  duties,  together  with  the  costs  of  the  previous 
proceedings,  so  far  as  not  recovered  from  any  other 
person,  shall  be  a  debt  from  the  sanitary  authority 
in  default  to  the  county  council,  and  shall  be  paid  by 
the  sanitary  authority  out  of  any  moneys  or  rate 
applicable  to  the  payment  of  the  expenses  of  perform- 
ing the  duty  in  which  they  have  made  default. 

(3.)  For  the  purpose  of  recovering  such  debt  the 
county  council,  without  prejudice  to  any  other  power 
of  recovery,  shall  have  the  same  power  of  levying  the 
amount  by  a  rate,  and  of  requiring  officers  of  the 
defaulting  authority  to  pay  over  money  in  their  hands, 
as  the  defaulting  authority  would  have  in  the  case  of 
expenses  legally  payable  out  of  a  rate  raised  by  that 
authority. 

(4.)  The  county  council  shall  pay  any  surplus  of 
the  rate  so  levied  to  or  to  the  order  of  the  defaulting 
authority. 

(5.)  If  any  loan  is  required  to  be  raised  for  the  pur- 
pose of  the  execution  of  their  duties  under  the  said 
appointment,  the  county  council  with  the  consent  of 
the  Local  Government  Board  may  raise  the  same,  and 
may  for  that  purpose  borrow  the  required  sum  in  the 
name  of  the  defaulting  authority  for  the  same  period, 
on  the  same  security,  and  on  the  same  terms  as  that 
authority  might  have  borrowed,  and  the  principal 
and  interest  of  such  loan  shall  be  a  debt  due  from  the 
defaulting  authority,  and  shall  be  secured  and  may  be 
recovered  in  like  manner  as  if  the  loan  had  been 
borrowed  by  that  authority. 

(6.)  The  surplus  (if  any)  of  any  loan  not  applied  for 
the  purpose  for  which  it  is  raised  shall,  after  payment 
of  the  expenses  of  raising  the  same,  be  paid  to  or  to 
the  order  of  the  defaulting  authority,  and  be  applied 
as  if  it  were  the  surplus  of  a  loan  raised  by  that 
authority. 

102.  Application  of  Public  Health  Acts  to  Woolwich. — 
(i.)  The  provisions  of  the  Public  Health  Acts,  which 
are  set  out  in  the  Second  Schedule  to  this  Act,  except 
so  far  as  they  are  superseded  by  this  Act,  shall  extend 
to  the  parish  of  Woolwich,  and  to  the  local  board  of 
health  thereof,  in  like  manner  as  they  apply  to  any 
urban  sanitary  district  elsewhere,  and  the  sanitary 
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authority  thereof,  without  prejudice  to  the  existing 
efifect  of  the  Metropolis  Management  Act,  1855,  and 
the  Acts  amending  the  same,  or  to  the  powers  duties 
and  habilities  of  the  county  council  and  the  local 
board  of  health  of  Woolwich  under  the  latter  Acts. 

(2  )  The  Woolwich  Local  Board  may  borrow  tor 
the  purposes  of  this  Act  in  like  manner  as  if  those  pur- 
poses were  purposes  of  the  Public  Health  Acts. 

103  Expenses  of  execution  of  Act. — The  expenses 
incurred  by  sanitary  authorities  in  London  under  this 
Act  shall,  save  as  otherwise  in  this  Act  mentioned,  be 
defrayed  as  follows  ;  (namely), 

In  the  case  of  the  commissioners  of  sewers,  out  ot 
their  sewer  rate  and  consolidated  rate,  or  either 
of  such  rates :  .     ,      j       ^  r 

In  the  case  of  any  vestry  or  district  board,  out  ot 
their  general  rate :  ,   •  1. 

In  the  case  of  the  local  board  of  health  of  Woolwich, 
out  of  the  district  fund  or  general  district  rate. 

104  Expenses  of  Metropolitan  Asylum  Board.— (1.) 
All  expenses  incurred  by  the  Metropolitan  Asylum 
Managers  in  the  execution  of  the  provisions  of  this 
Act  relating  to  the  provision  and  maintenance  of 
carriages,  buildings,  and  horses,  and  the  conveyance 
in  such  carriages  of  persons  suffering  from  any 
dangerous  infectious  disease  shall  to  such  extent  as 
the  Local  Government  Board  may  sanction  be 
defrayed  out  of  the  Metropolitan  common  poor  fund. 

(2  )  Save  as  aforesaid,  all  expenses  incurred  by  the 
said  Managers  in  the  execution  of  this  Act  shall  so  far 
as  they  are  not  recovered  from  guardians  in  pursuance 
of  this  Act  be  defrayed  in  the  same  manner  as  the 
expenses  mentioned  in  section  thirty-one  of  the 
Metropolitan  Poor  Act,  1867  {30  &  31  Vict.  c^6  ,  are 
to  be  defrayed  under  that  section;  and  shall  be 
raised  and  be  recoverable  in  the  same  manner  as 
expenses  under  that  Act. 

(3)  The  provision  of  vessels  and  buildings  in 
pursuance  of  this  Act  shall  be  purposes  for  which  the 
Metropolitan  Asylum  Managers  may  borrow  in 
pursuance  of  the  Metropolitan  Poor  Act,  1867,  and 
any  Acts  amending  the  same. 

105  Power  of  vestries  and  district  hoards  to  borrow.— 
(i  )  The  provision  of  hospitals  and  of  mortuaries 
under  this  Act,  and  the  purposes  of  the  epidemic 
regulations  under  this  Act,  shall  be  purposes  for  which 
vestries  and  district  boards  are  authorised  to  borrow. 

(2.)  A  sanitary  authority,  with  the  consent  of  the 
Local  Government  Board,  may  borrow  for  the  purpose 
of  providing,  as  required  or  authorised  by  this  Act— 

(a.)  sanitary  conveniences,  lavatories,  and  ashpits, 

lb.)  premises,  apparatus,  carriages,  and  vessels  for 
the  disinfection,  destruction,  and  removal  of 
infected  articles,  and  .  . 

(c )  a  building  for  post-mortem  examinations  and 
accommodation  for  the  holding  of  inquests 

{■X )  The  purposes  for  which  a  sanitary  authority 
are  authorised  under  this  Act  to  borrow  shall  be 
purposes  for  which  that  authority  may  borrow  under 
the  Acts  relating  to  the  execution  of  the  other  duties 
of  that  authority,  and,  where  the  consent  of  the 
Local  Government  Board  is  required  and  given  to 
any  such  loan,  the  consent  of  any  other  authority 
shall  not  be  required. 

106  Appointment  of  medical  officers  of  health.— [i  ] 
Every  sanitary  authority  shall  appoint  one  or  more 
medical  officers  of  health  for  their  district. 


(2.)  The  same  person  may,  with  the  sanction  of  the 
Local  Government  Board,  be  appointed  medical 
officer  of  health  for  two  or  more  districts,  by  the 
sanitary  authorities  of  such  districts  ;  and  the  Local 
Government  Board  shall  prescribe  the  mode  of  such 
appointment  and  the  proportions  in  which  the  expenses 
of  such  appointment  and  the  salary  and  charges  of 
such  officer  shall  be  borne  by  such  authorities. 

(3.)  Every  person  appointed  or  re-appointed  after 
the  commencement  of  this  Act  as  medical  officer  of 
health  of  a  district  shall  (except  during  the  two 
months  next  after  the  time  of  his  appointment,  or 
except  in  cases  allowed  by  the  Local  Government 
Board)  reside  in  such  district  or  within  one  mile  of 
the  boundary  thereof,  and,  if  while  not  so  residing  as 
required  by  this  enactment  he  assunies  to  act  or 
receives  any  remuneration  as  such  medical  officer  of 
health,  he  shall  cease  to  hold  the  office. 

(4.)  A  medical  officer  of  health  may  exercise  any  ot 
the  powers  with  which  a  sanitary  inspector  is  invested. 

(5.)  The  annual  report  of  a  medical  officer  of  health 
to  the  sanitary  authority  shall  be  appended  to  the 
annual  report  of  the  sanitary  authority. 

107.  Appointment  of  sanitary  inspectors. — (i.)  Every 
sanitary  authority  shall  appoint  an  adequate  number 
of  fit  and  proper  persons  as  sanitary  inspectors,  and 
may  distribute  among  them  the  duties  to  be  performed 
by  sanitary  inspectors,  and  every  such  inspector  shall 
be  a  person  qualified  and  competent  by  his  knowledge 
and  experience  to  perform  the  duties  of  his  office. 

(2.)  Where  the  Local  Government  Board,  on  a 
representation  from  the  county  council,  and  after 
local  inquiry,  are  satisfied  that  any  sanitary  authority 
have  failed  to  appoint  a  sufficient  number  of  sanitary 
inspectors,  the  Board  may  order  the  authority  to 
appoint  such  number  of  additional  sanitary  inspectors 
and  to  allow  them  such  remuneration  as  the  order 
directs,  and  the  sanitary  authority  shall  comply  with 

the  order.  ,  »  i.u 

(3  )  The  sanitary  inspectors  shall  report  to  tne 
sanitary  authority  the  existence  of  any  nuisances  ; 
and  the  sanitary  authority  shall  cause  a  book  to  be 
kept  in  which  shall  be  entered  all  complaints  made  of 
any  infringement  of  the  provisions  of  this  Act  or  of 
any  byelaws  made  thereunder,  or  of  nuisances ;  and 
every  such  inspector  shall  forthwith  inquire  into  the 
truth  or  otherwise  of  such  complaints,  and  report  upon 
the  same,  and  such  report  shall  be  laid  before  the 
sanitary  authority  at  their  next  meeting,  and  together 
with  the  order  of  the  sanitary  authority  thereon  shall 
be  entered  in  a  book,  which  shall  be  kept  at  their 
office,  and  shall  be  open  at  all  reasonable  times  to  the 
inspection  of  anv  inhabitant  of  the  district,  and  of  any 
officer  either  generally  or  specially  authorised  for  the 
purpose  by  the  county  council ;  and  it  shall  be  the 
duty  of  such  inspector,  subject  to  the  direction  of  the 
sanitary  authority,  or  of  a  committee  thereof,  to  make 
complaints  before  justices  and  take  legal  proceedings 
for  the  punishment  of  any  person  for  any  ofifence 
under  this  Act  or  any  such  byelaws. 

108  Provisions  as  to  medical  officers  and  sanitary 
inspectors.— U)  Subject  to  the  provisions  of  this  Act 
as  to  existing  officers,  the  Local  Government  Board 
shall  have  the  same  powers  as  they  have  in  the  case 
of  a  district  medical  officer  of  a  poor  law  union  with 
regard  to  the  qualification,  appointment,  duties,  salary, 
and  tenure  of  office  of  every  medical  officer  of  health 
and  sanitary  inspector,  and  one-half  of  the  salary  ot 
every  such  medical  officer  and  sanitary  inspector  shall 
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be  paid  by  the  county  council  out  of  the  Exchequer 
contribution  account  in  accordance  with  section 
twenty-four  of  the  Local  Government  Act,  1888  (51  & 
52  Vict.  c.  41),  and  that  section  shall  be  construed  as 
if  in  subsection  two  thereof  the  reference  to  the  Public 
Health  Act,  1875,  included  a  reference  to  this  Act. 
(2.)  Provided  that — 

(a.)  A  medical  officer  of  health  shall  be  legally 
qualified  for  the  practice  of  medicine,  surgery,  and 
midwifery,  and  also  either  be  registered  in  the 
Medical  Register  as  the  holder  of  a  diploma  in 
sanitary  science,  public  health,  or  State  medicine 
under  section  twenty-one  of  the  Medical  Act,  1886 
(49  &  50  Vict.  c.  48),  or  have  been  during  three 
consecutive  yearspreceding  the  year  one  thousand 
eight  hundred  and  ninety-two  a  medical  officer  of 
a  district  or  combination  of  districts  in  London 
or  elsewhere  with  a  population  according  to  the 
last  published  census  of  not  less  than  twenty 
thousand,  or  have  before  the  passing  of  the  Local 
Government  Act,  1888,  been  for  not  less  than 
three  years  a  medical  officer  or  inspector  of  the 
Local  Government  Board  ;  and 

(6.)  A  medical  officer  of  health  shall  be  removable 
by  the  sanitary  authority  with  the  consent  of  the 
Local  Government  Board,  or  by  that  Board,  and 
not  otherwise : 

Provided  that  the  Local  Government  Board 
shall  take  into  consideration  every  representation 
made  by  the  sanitary  authority  for  the  removal 
of  any  medical  officer,  whether  based  on  the 
general  interests  of  the  district,  on  the  conduct  of 
such  officer,  or  on  any  other  ground  ;  and 

(c.)  Any  such  medical  officer  shall  not  be  appointed 
for  a  limited  period  only  ;  and 

(d.)  A  sanitary  inspector  appointed  after  the  first 
day  of  January  one  thousand  eight  hundred  and 
ninety-five  shall  be  holder  of  a  certificate  of  such 
body  as  the  Local  Government  Board  may  from 
time  to  time  approve,  that  he  has  by  examination 
shown  himself  competent  for  such  office,  or  shall 
have  been,  during  three  consecutive  years  pre- 
ceding the  year  one  thousand  eight  hundred  and 
ninety-five,  a  sanitary  inspector  or  inspector  of 
nuisances  of  a  district  in  London,  or  of  an  urban 
sanitary  district  out  of  London  containing 
according  to  the  last  published  census  a  popu- 
lation of  not  less  than  twenty  thousand 
inhabitants. 

109.  Temporary  arrangement  for  duties  of  medical 
officer  or  sanitary  inspector. — A  sanitary  authority, 
where  occasion  requires,  may,  with  the  sanction  of 
the  Local  Government  Board,  make  any  temporary 
arrangement  for  the  performance  of  all  or  any  of  the 
duties  of  a  medical  officer  of  health  or  sanitary 
inspector,  and  any  person  appointed  by  virtue  of  any 
such  arrangement  to  perform  those  duties,  or  any  of 
them,  shall,  subject  to  the  terms  of  his  appointment, 
have  all  the  powers,  duties,  and  liabilities  of  a  medical 
officer  of  health  or  sanitary  inspector  as  the  case 
may  be. 

110.  Jurisdiction  as  to  ships. — (i.)  For  the  purposes 
of  this  Act  any  vessel  lying  in  any  river  or  other  water 
within  the  district  of  a  sanitary  authority  shall  (sub- 
ject to  the  provisions  of  this  Act  with  respect  to  the 
port  sanitary  authority  of  the  port  of  London)  be 
subject  to  the  jurisdiction  of  that  authority  in  the 
same  manner  as  if  it  were  a  house  within  such  district. 

(2.)  The  master  of  any  such  vessel  shall  be  deemed 


or  the  purposes  of  this  Act  to  be  the  occupier  of  such 
vessel. 

(3.)  This  section  shall  not  apply  to  any  vessel  under 
the  command  or  charge  of  any  officer  bearing  Her 
Majesty's  commission,  or  to  any  vessel  belonging  to 
any  foreign  government. 

Port  Sanitary  Authority  of  Port  of  London. 

111.  Port  sanitary  authority  of  port  of  London. — -The 
Mayor,  Commonalty,  and  Citizens  of  the  City  of 
London  shall  continue  to  be  the  port  sanitary 
authority  of  the  port  of  London,  as  established  for  the 
purposes  of  the  laws  relating  to  the  customs  of  the 
United  Kingdom,  and  shall  pay  out  of  their  corporate 
funds  all  their  expenses  as  such  port  sanitary  authority 

112.  Powers  of  port  sanitary  authority  of  port  of 
London. — (i.)  The  Local  Government  Board  may  by 
order  assign  to  the  port  sanitary  authority  of  the  port 
of  London  any  powers,  rights,  duties,  capacities, 
liabilities,  or  obligations  of  a  sanitary  authority  under 
this  Act,  or  of  a  sanitary  authority  under  the  Public 
Health  Act,  1875  (38  &  39  Vict.  c.  55),  and  any  Act 
extending  or  amending  the  same  respectively,  with 
such  modifications  and  additions  (if  any)  as  may 
appear  to  the  Board  to  be  required,  and  the  order 
may  extend  to  the  said  port  a  byelaw  made  under  this 
Act  otherwise  than  by  the  port  sanitary  authority, 
and  any  such  byelaw  until  so  extended  shall  not 
extend  to  the  said  port ;  and  the  said  port  sanitary 
authority  shall  have  the  powers,  rights,  duties, 
capacities,  liabilities,  and  obligations  assigned  by  such 
order  in  and  over  all  waters  within  the  limits  of  the 
said  port,  and  also  in  and  over  such  districts  or  parts 
of  districts  of  riparian  authorities  as  may  be  specified 
in  any  such  order,  and  the  order  may  extend  this  Act, 
and  any  part  thereof,  and  any  byelaw  made  there- 
under, to  such  waters  and  districts  and  parts  of  dis- 
tricts when  not  situate  in  London. 

(2.)  The  said  port  sanitary  authority  may  acquire 
and  hold  land  for  the  purposes  of  their  constitution 
without  any  licence  in  mortmain. 

(3.)  The  said  port  sanitary  authority  may,  with  the 
sanction  of  the  Local  Government  Board,  delegate  to 
any  riparian  authority  the  exercise  of  any  powers  con- 
ferred on  the  port  sanitary  authority  by  the  order  of 
the  Board,  but  except  in  so  far  as  such  delegation 
extends  no  other  authority  shall  exercise  any  powers 
conferred  on  such  port  sanitary  authority  by  the  order 
of  the  Board  within  the  limits  of  the  port  of 
London. 

(4.)  "  Riparian  authority "  in  this  section  means 
any  sanitary  authority  under  this  Act  and  any  .sani- 
tary authority  under  the  Public  Health  Act,  1875, 
whose  district  or  part  of  whose  district  forms  part  of 
or  abuts  on  any  part  of  the  said  port,  and  any  con- 
servators, commissioners,  or  other  persons  having 
authority  in  or  over  any  part  of  the  said  port. 

Application  of  Public  Health  Acts  as  to 
Cholera,  &c. 

113.  Powers  of  Local  Government  Board  as  to  epidemic 
diseases. — The  sections  of  the  Public  Health  Acts 
(relating  to  regulations  and  orders  of  the  Local 
Government  Board  with  respect  to  cholera,  or  other 
epidemic,  endemic,  or  infectious  diseases)  set  out  in 
the  First  Schedule  to  this  Act,  shall  extend  to  London, 
and  shall  apply  in  like  manner  as  if  a  sanitary 
authority  under  this  Act  were  a  local  authority  within 
the  meaning  of  those  sections. 
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Bye  LAWS. 

114  Byelaws.— AW  byelaws  made  by  the  county 
council  or  by  any  sanitary  authority  under  this  Act 
chall  be  made  subject  and  according  to  the  provisions 
with  respect  to  byelaws  contained  in  sections  one 
hundred  and  eighty-two  to  one  hundred  and  eighty- 
six  of  the  Public  Health  Act,  1875  (38  and  39  Vict.  c. 
55)  and  set  forth  in  the  First  Schedule  to  this  Act ; 
and  those  sections  shall  apply  in  like  manner  as  if  the 
county  council  or  sanitary  authority  were  a  local 

authority :  .,   .        ,  . 

Provided  that  the  county  council,  in  making  any 
byelaws  which  will  have  to  be  observed  and  enforced 
by  any  sanitary  authority,  shall  consider  any  repre- 
sentations made  to  the  council  by  that  authority,  and 
not  less  than  two  months  before  applying  to  the  Local 
Government  Board  for  the  confirmation  of  any  such 
byelaws  shall  send  a  copy  of  the  proposed  byelaws  to 
every  such  authority. 

Legal  Proceedings. 

115  General  provisions  as  to  powers  of  entry. — (i.) 
Where  a  sanitary  authority  have  by  virtue  of  this  Act 
power  to  examine  or  enter  any  premises,  whether  a 
building  vessel,  tent,  van,  shed,  structure,  or  place 
open  or  enclosed,  they  may  examine  or  enter  by  any 
members  of  the  authority,  or  by  any  officers  or 
persons  authorised  by  them,  either  generally  or  m 
any  particular  case.  . 

(2  )  "Where  a  sanitary  authority,  or  their  olbcers, 
or  any  persons  acting  under  such  authority,  or  under 
any  of  their  officers,  have  by  virtue  of  any  enactment 
in  this  Act,  a  right  to  enter  any  premises,  whether  a 
building,  vessel,  tent,  van,  shed,  structure,  or  place 
open  or  enclosed,  then,  subject  to  any  special  pro- 
visions contained  in  such  enactment,  the  following 
rrovisions  shall  apply,  that  is  to  say— 

la  )  The  person  so  claiming  the  right  to  enter  shall, 
if  required,  produce  some  written  document, 
properly  authenticated  on  the  part  of  the  sanitary 
authority,  showing  the  right  of  the  person  pro- 
ducing the  same  to  enter  ; 
(b )  Any  person  refusing  or  failing  to  admit  any 
person  who  is  authorised  and  claims  to  enter  the 
premises  shall  if —  ■     •  i 

(i )  the  entry  is  for  the  purpose  of  carrying  into 
effect  an  order  of  a  court  of  summary  juris- 
diction, and  either  is  stated  in  the  said 
document  to  be  for  that  purpose  oris  claimed 
by  an  officer  of  the  sanitary  authority,  or 
(ii.)  it  is  proved  that  the  refusal  or  failure  is 
with  intent  to  prevent  the  discovery  of  some 
contravention  of  this  Act  or  any  byelaw 
under  this  Act,  or  ,    ,      ,  . 

(iii    the  refusal  or  failure  is  declared  by  the 
enactment  conferring  the  right  of  entry  to 
render  the  person  refusing  or  failing  subject 
to  a  fine,  , 
be  liable  to  a  fine  not  exceeding  five  pounds. 

If  a  justice  is  satisfied  by  information  on  oatli— 
la  )  that  there  is  reasonable  ground  for  such 
entry,  and  that  there  has  been  a  refusal  or 
failure  to  admit  to  such  premises,  and  either 
that  reasonable  notice  of  the  intention  to  apply 
to  a  justice  for  a  warrant  has  been  given,  or 
that  the  giving  of  notice  would  defeat  the 
object  of  entry,  or 
(b.)  that  there  is  reasonable  cause  to  believe  that 
there  is  on  the  said  premises  some  contraven- 


tion of  this  Act  or  of  any  byelaw  under  this  Act, 
and  that  an  application  for  admission  or  notice 
of  an  application  for  the  warrant  would  defeat 
the  object  of  the  entry, 
the  justice  may  by  warrant  under  his  hand  authorise 
the  sanitary  authority  or  their  officers  or  other  person, 
as  the  case  may  require,  to  enter  the  premises,  and  if 
need  be  by  force,  with  such  assistants  as  they  or  he 
may  require,  and  there  execute  their  duties  under  this 
Act 

(4.)  Any  person  obstructing  the  execution  of  any  such 
warrant,  or  of  any  warrant  granted  by  a  justice  in 
pursuance  of  any  other  provision  of  this  Act,  and 
authorising  the  entry  by  the  sanitary  authority  or 
their  officer  or  any  other  person  into  any  premises, 
shall  be  liable  to  a  fine  not  exceeding  twenty  pounds, 
or,  in  a  case  where  a  greater  punishment  is  imposed 
by  this  Act  or  any  other  enactment,  either  to  such 
fine  or  to  that  greater  punishment. 

(5.)  The  warrant  shall  continue  in  force  until  the 
purpose  for  which  the  entry  is  necessary  has  been 

satisfied.  .     „     j  ^ 

(6.)  Where  a  house  or  part  of  a  house  is  alleged  to 
be  overcrowded  so  as  to  be  a  nuisance  liable  to  be 
dealt  with  summarily  under  this  Act,  a  warrant  under 
this  section  may  authorise  an  entry  into  such  house 
or  part  of  a  house  at  any  hour  of  the  day  or  night 
specified  in  the  warrant. 

116.  Penalty  on  obstructing  execution  of  Act. — (i.)  If 
any  person — 

(a.)  wilfully  obstructs  any  member  or  officer  of  a 
sanitary  authority  or  any  person  duly  employed 
in  the  execution  of  this  Act,  or 
(J  )  destroys,  pulls  down,  injures,  or  defaces  any 
byelaw,  notice,  or  other  matter  put  up  by  auth- 
ority of  the  Local  Government  Board  or  county 
council,  or  of  a  sanitary  authority,  or  any  board 
or  other  thing  upon  which  such  byelaw,  notice, 
or  matter  is  placed  or  inscribed,  or 
(c.)  wilfully  damages  any  works  or  property  belong- 
ing to  any  sanitary  authority, 
he  shall  be  liable  to  a  fine  not  exceeding  five  pounds, 

(2.)  Where  the  occupier  of  any  premises  prevents 
the  owner  thereof  from  obeying  or  carrying  into  effect 
any  provision  of  this  Act,  a  petty  sessional  court,  on 
complaint,  shall  by  order  require  such  occupier  to 
permit  the  execution  of  any  works  which  appear  to 
the  court  necessary  for  the  purpose  of  obeying  or 
carrying  into  effect  such  provision  of  this  Act ;  and  if 
within  twenty-four  hours  after  service  on  him  of  the 
order  such  occupier  fails  to  comply  therewith,  he  shall 
be  liable  to  a  fine  not  exceeding  five  pounds  for  every 
day  during  the  continuance  of  such  non-compliance. 

(3  )  If  the  occupier  of  any  premises,  when  requested 
by  or  on  behalf  of  the  sanitary  authority  to  state  the 
name  and  address  of  the  owner  of  the  premises,  re- 
fuses or  wilfully  omits  to  disclose  or  wilfully  misstates 
the  same,  he  shall  (unless  he  shows  cause  to  the 
satisfaction  of  the  court  for  his  refusal)  be  liable  to  a 
fine  not  exceeding  five  pounds. 

117.  Summary  proceedings  for  offences,  expenses,  S-c— 
(i.)  All  offences,  fines,  penalties,  forfeitures,  costs, 
and  expenses  under  this  Act  or  any  byelaw  made 
under  this  Act  directed  to  be  orosecuted  or  recovered 
in  a  summary  manner,  or  the  prosecution  or  recovery 
of  which  is  not  otherwise  provided  for,  may  be  prose- 
cuted and  recovered  in  manner  directed  by  the 
Summary  Jurisdiction  Acts. 
(2.)  Proceedings  for  the  recovery  of  a  demand  not 
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exceeding  fifty  pounds,  which  a  sanitary  authority  or 
any  person  are  or  is  empowered  to  recover  in  a  sum- 
mary manner,  may,  at  the  option  of  the  authority  or 
person,  be  taken  in  the  county  court  as  if  such  demand 
were  a  debt. 

(3.)  A  proceeding  under  this  Act  shall  not  be  taken 
by  the  county  council  against  a  sanitary  authority 
save  with  the  sanction  of  the  Local  Government 
Board,  unless  snch  proceeding  is  for  the  recovery  of 
expenses  or  of  money  due  from  the  sanitary  authority 
to  the  council. 

118.  Evidence  by  defendant.- — Any  person  charged 
with  an  ofifence  under  this  Act,  and  the  wife  or  hus- 
band of  such  person,  may,  if  such  person  thinks  fi.t, 
be  called,  sworn,  examined,  and  cross-examined  as  an 
ordinary  witness  in  the  case. 

119.  Application  of  fines  and  disposal  of  things  for- 
feited.— (i.)  All  fines  recovered  under  this  Act  shall, 
notwithstanding  anything  in  any  other  Act,  be  paid 
to  the  sanitary  authority  and  appUed  by  them  in  aid 
of  their  expenses  in  the  execution  of  this  Act,  except 
that  any  fine  imposed  on  the  sanitary  authority  shall 
be  paid  to  the  county  council. 

(2.)  All  things  forfeited  under  this  Act  may  be  sold 
or  disposed  of  in  such  manner  as  the  court  ordering 
the  forfeiture  may  direct. 

120.  Proceedings  in  certain  cases  against  nuisances. — 
(i.)  Where  any  nuisance  under  this  Act  appears  to  be 
wholly  or  partially  caused  by  the  acts  or  defaults  of 
two  or  more  persons,  the  sanitary  authority  or  other 
complainant  may  institute  proceedings  against  any 
one  of  such  persons,  or  may  include  all  or  any  two  or 
more  of  them  in  one  proceeding ;  and  any  one  or  more 
of  such  persons  may  be  ordered  to  abate  the  nuisance, 
so  far  as  it  appears  to  the  court  having  cognizance  of 
the  case  to  be  caused  by  his  or  their  acts  or  defaults, 
or  may  be  prohibited  from  continuing  any  acts  or 
defaults  which  in  the  opinion  of  the  court  contribute 
to  the  nuisance,  or  may  be  fined  or  otherwise  punished, 
notwithstanding  that  the  acts  or  defaults  of  any  one 
of  such  persons  would  not  separately  have  caused  a 
nuisance ;  and  the  costs  may  be  distributed  as  to  the 
court  may  appear  fair  and  reasonable. 

(2.)  Proceedings  against  several  persons  included 
in  one  complaint  shall  not  abate  by  reason  of  the 
death  cf  any  among  the  persons  so  included,  but  all 
such  proceedings  may  be  carried  on  as  if  the  deceased 
person  had  not  been  originally  so  included. 

(3.)  "Where  some  only  of  the  persons  by  whose  act 
or  default  any  nuisance  has  been  caused  have  been 
proceeded  against  under  this  Act,  they  shall,  without 
prejudice  to  any  other  remedy,  be  entitled  to  recover 
in  a  summary  manner  from  the  other  persons  who 
were  not  proceeded  against  a  proportionate  part  of 
the  costs  of  and  incidental  to  such  proceedings  and 
abating  such  nuisance,  and  of  any  fine  and  costs 
ordered  to  be  paid  by  the  court  in  such  proceedings. 

(4.)  Whenever  in  any  proceeding  under  the  pro- 
visions of  this  Act  relating  to  nuisances  it  becomes 
necessary  to  mention  or  refer  to  the  owner  or  occupier 
of  any  premises,  it  shall  be  sufi&cient  to  designate  him 
as  the  "owner"  or  "occupier"  of  such  premises, 
without  name  or  further  Jescription. 

121.  Recovery  of  expenses  by  sanitary  authority  from 
owner  or  occupier. — Any  costs  and  expenses  which  are 
recoverable  under  this  Act  by  a  sanitary  authority 
from  an  owner  of  premises  may  be  recovered  from, 
the  occupier  for  the  time  being  of  such  premises ;  and 


the  owner  shall  allow  the  occupier  to  deduct  any 
money  which  he  pays  under  this  enactment  out  of  the 
rent  from  time  to  time  becoming  due  in  respect  of  the 
premises,  as  if  the  same  had  been  actually  paid  to  the 
owner  as  part  of  the  rent :  Provided  that— 

{a.)  the  occupier  shall  not  be  so  required  to  pay 
any  further  sum  than  the  amount  of  rent  which 
either  is  for  the  time  being  due  from  him,  or 
which  after  demand  from  him  of  such  costs  or 
expenses,  and  notice  not  to  pay  any  rent  without 
first  deducting  the  same,  becomes  payable  by 
him,  unless  he  refuses,  on  the  application  of  the 
sanitary  authority,  truly  to  disclose  the  amount 
of  his  rent  and  the  name  and  address  of  the  per- 
son to  whom  such  rent  is  payable ;  but  the 
burden  of  proof  that  the  sum  demanded  from  any 
such  occupier  is  greater  than  the  aforesaid 
amount  of  rent  shall  lie  on  such  occupier  ;  and 
(i.)  nothing  in  this  section  shall  affect  any  contract 
between  any  owner  and  occupier  of  any  premises 
whereby  the  occupier  agrees  to  pay  or  discharge 
all  rates,  dues,  and  sums  of  money  payable  in 
respect  of  such  premises,  or  shall  affect  any 
contract  whatsoever  between  landlord  and  tenant. 

122.  Justice  to  act  though  member  of  sanitary  authority 
or  liable  to  contribute. — A  judge  or  justice  of  the  peace 
shall  not  be  incapable  of  acting  in  cases  arising  under 
this  Act  by  reason  of  his  being  a  member  of  any 
sanitary  authority,  or  by  reason  of  his  being,  as  one 
of  several  ratepayers,  or  as  one  of  any  other  class  of 
persons,  liable  in  common  with  the  others  to  con- 
tribute to  or  to  be  benefited  by  any  rate  or  fund,  out 
of  which  any  expenses  incurred  by  a  sanitary 
authority  are  to  be  defrayed. 

123.  Appearance  of  sanitary  authority  in  legal 
proceedings.  — •  The  county  council  or  a  sanitary 
authority  may  appear  before  any  court  or  in  any 
legal  proceeding  by  their  clerk,  or  by  any  officer  or 
member  authorised  generally  or  in  respect  of  any 
special  proceeding  by  resolution  of  such  council  or 
authority  ;  and  their  clerk,  or  any  officer  or  member 
so  authorised,  shall  be  at  liberty  to  institute  and 
carry  on  any  proceeding  which  the  county  council  or 
sanitary  authority  are  authorised  to  institute  and 
carry  on  under  this  Act, 

124.  Protection  of  sanitary  authority  and  their  officers 
from  personal  liability. — No  matter  or  thing  done,  and 
no  contract  entered  into  by  the  county  council  or 
any  sanitary  authority,  and  no  matter  or  thing  done  by 
any  member  of  such  council  or  authority,  or  by  any 
officer  of  such  council  or  authority  or  other  person 
whomsoever  acting  under  the  direction  of  such  council 
or  authority,  shall,  if  the  matter  or  thing  were  done 
or  the  contract  were  entered  into  bon^  fide  for  the 
purpose  of  executing  this  Act,  subject  them  or  any  of 
them  personally  to  any  action,  liability,  claim,  or 
demand  whatsoever ;  and  any  e-xpense  incurred  by 
the  county  council  or  any  such  authority,  member, 
officer,  or  other  person  acting  as  last  aforesaid,  shall 
be  borne  and  repaid  out  of  the  rate  applicable  by  that 
council  or  authority  to  the  purposes  of  this  Act : 

Provided  that  nothing  in  this  section  shall  exempt 
any  member  of  the  county  council  or  of  any  such 
authority  from  liability  to  be  surcharged  with  the 
amount  of  any  payment  which  may  be  disallowed 
by  the  auditor  in  the  accounts  of  such  council  or 
authority,  and  which  that  member  authorised  or 
joined  in  authorising. 
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LECTURES  TO  PLUMBERS. 


Appeal. 

125.  Appeal  to  quarter  sessions.— Any  person  who 
deems  himself  aggrieved  by  any  conviction  or  ortier 
made  by  a  court  of  summary  jurisdiction  on  deter- 
mining any  information  or  complaint  under  this  Act 
may,  save  as  otherwise  provided  in  this  Act,  appeal 
therefrom  to  a  court  of  quarter  sessions. 

126.  Provision  as  to  appeals  to  county  council. — Any 
appeal  to  the  county  council  against  a  notice  or  act  of 
a  sanitary  authority  under  this  Act  shall  be  conducted 
in  accordance  with  sections  two  hundred  and  eleven 
and  two  hundred  and  twelve  of  the  Metropolis 
Management  Act,  1855  (18  &  19  Vict.  c.  120),  which 
sections,  as  modified  by  the  Local  Government  Act, 
1888,  are  set  out  in  the  First  Schedule  to  this  Act. 

Notices. 

127.  Authentication  of  notices,  &c.—(i.)  Notices, 
orders,  and  other  such  documents  under  this  Act 
shall  be  in  writing  ;  and  notices  and  documents  other 
than  orders,  when  issued  by  the  county  council  or  a 
sanitary  authority,  shall  be  sufficiently  authenticated 
if  signed  by  their  clerk  or  by  the  officer  by  whom  the 
same  are  given  or  served. 

(2.)  Orders  shall  be  under  the  seal  of  the  council  or 
authority  duly  authenticated. 

128  Service  of  notices.— (i.)  Any  notice,  order,  or 
other  document  required  or  authorised  to  be  served 
under  this  Act  may  be  served  by  deUvering  the  same 
or  a  true  copy  thereof  either  to  or  at  the  usual  or  last 
known  residence  in  England  of  the  person  to  whom  it 
is  addressed,  or,  where  addressed  to  the  owner  or 
occupier  of  premises,  then  to  some  person  on  the 
premises,  or,  if  there  is  no  person  on  the  premises  who 
can  be  so  served,  then  by  fixing  the  same  or  a  true 
copy  thereof  on  some  conspicuous  part  of  the 
premises  ;  it  may  also  be  served  by  sending  the  same 
or  a  true  copy  thereof  by  post  addressed  to  a  person 
at  such  residence  or  premises  as  above  mentioned. 

(2.)  Any  notice  required  or  authorised  for  the  pur- 
poses of  this  Act  to  be  served  on  a  sanitary  authority 
or  on  the  county  council  shall  be  deemed  to  be  duly 
served  if  in  writing  delivered  at,  or  sent  by  post  to, 
the  office  of  the  authority  or  council,  addressed  to 
such  authority  or  council,  or  their  clerk. 

(3.)  Any  notice  by  this  Act  required  to  be  given  to 
or  served  on  the  owner  or  occupier  of  any  premises 
may  be  addressed  by  the  description  of  the  "  owner  " 
or  "  occupier  "  of  the  premises  (naming  them)  in 
respect  of  which  the  notice  is  given  or  served,  without 
further  name  or  description. 

Miscellaneous  Provisions. 

129  Inquiries  by  Local  Government  Board. — Sections 
two  hundred  and  ninety-three  to  two  hundred  and 
ninety-six  of  the  Public  Health  Act,  1875  (38  &  39 
Vict  c  55)  which  are  set  forth  in  the  First  Schedule 
to  this  Act,  shall  apply  to  all  inquiries  which  the 
Local  Government  Board  may  make  in  pursuance  of 
or  for  the  purposes  of  this  Act. 

130  Forms.— The  forms  in  the  Third  Schedule  to 
this  Act,  or  forms  to  the  like  effect,  varied  as  circum- 
stances may  require,  may,  unless  other  forms  are 
prescribed  under  the  Summary  Jurisdiction  Act,  1879 
(42&43  Vict.  c.  49),  be  used  and  shall  be  sufficient  for 
all  purposes. 

131.  Provision  for  apportionment  of  certain  expenses 
between  hamlet  of  Penge  and  remainder  of  Lewisham  district. 


 Where  the  whole  or  any  part  of  any  expense  in- 
curred by  the  Lewisham  District  Board  of  Works,  in 
pursuance  of  the  epidemic  regulations,  may,  under 
this  Act,  be  repaid  to  that  board  out  of  the  metro- 
politan common  poor  fund,  the  amount  to  be  so  repaid 
when  ascertained  shall  be  apportioned  between  the 
hamlet  of  Penge  and  the  remainder  of  the  Lewisham 
district  in  proportion  to  the  rateable  value  of  such 
hamlet  and  remainder,  according  to  the  valuation 
lists  in  force  at  the  date  of  the  apportionment,  and  the 
amount  apportioned  to  the  hamlet  of  Penge  shall  be 
repaid  to  the  district  board  by  the  board  of  guardians 
for  the  Croydon  Union  out  of  the  common  fund  of  the 
union,  in  pursuance  of  a  precept  of  the  Local  Govern- 
ment Board  to  be  issued  after  the  like  proceedings  and 
in  the  hke  manner  as  in  the  case  of  a  repayment  from 
the  metropolitan  common  poor  fund  ;  and  the  amount 
apportioned  to  the  remainder  of  the  Lewisham  district 
shall  be  repaid  to  the  district  board  out  of  the  metro- 
politan common  poor  fund. 

132.  Extent  of  Act.— This  Act  shall  (save  as  other- 
wise expressly  provided)  extend  only  to  London : 

Provided  that  this  Act  shall  extend  to  places  else- 
where so  far  as  is  necessary  for  giving  effect  to  any 
provisions  thereof  in  their  application  to  London  and 
to  any  places  to  which  such  provisions  are  expressly 
applied. 

City  of  London. 

133.  Application  of  Act  to  City.— In  the  application 
of  this  Act  to  the  City  of  London  the  following  modi- 
fications shall  be  made ; 

(a.)  There  shall  be  no  appeal  under  this  Act  from 
the  commissioners  of  sewers  to  the  county 
council : 

lb.)  The  byelaws  made  by  the  county  council  under 
this  Act  shall  not  extend  to  the  city  : 

Ic.)  The  county  council  shall  not  have  power  under 
this  Act  to  require  the  commissioners  of  sewers 
to  provide  and  maintain  a  building  for  post- 
mortem examinations : 

{d.)  The  powers  of  the  county  council  under  this 
Act  to  proceed  in  case  of  default  of  a  sanitary 
authority  shall  not  extend  to  the  commissioners 
of  sewers. 

134  Power  of  City  police  to  proceed  in  certain  cases 
against'nuisances.— Where  His  proyed  to  the  satisfac- 
tion of  the  Local  Government  Board  that  the  com- 
missioners of  sewers  have  made  default  in  doing  their 
duty  in  relation  to  nuisances  under  this  Act,  the 
Board  may  authorise  any  officer  of  police  of  the 
City  of  London  to  institute  any  proceeding  which 
the  commissioners  might  institute  with  regard  to 
such  nuisances,  and  that  officer  may  recover  from 
the  commissioners  in  a  summary  manner  or  in  the 
county  court  or  High  Court  any  expenses  incurred  by 
him,  and  not  paid  by  the  person  proceeded  against. 
Such  officer  of  police  shall  not  for  the  purpose  of  this 
section  be  at  liberty  to  enter  any  house  or  part  of  a 
house  used  as  the  dwelling  of  any  person  without 
either  such  person's  consent,  or  the  warrant  of  a 
justice. 

135  Proceedings  on  complaint  to  Local  Government 
Board  of  default  of  Commissioners  of  Scivers.—(i.)  Where 
complaint  is  made  to  the  Local  Government  Board 
that  the  commissicners  of  sewers  have  made  default  in 
executing  or  enforcing  any  provisions  of  this  Act,  the 
Local  Government  Board,  if  satisfied,  after  due 
inquiry,  that  those  commissioners  have  been  guilty  of 
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the  alleged  default,  shall  make  an  order  limiting  a 
time  for  the  performance  of  their  duty  in  the  matter  of 
such  complaint.  If  the  duty  is  not  performed  by  the 
time  limited  in  the  order,  the  order  may  be  enforced 
by  writ  of  Mandamus,  or  the  Local  Government 
Board  may  appoint  some  person  to  perform  the  duty, 
and  shall  by  order  direct  that  the  expenses  of  per- 
forming the  same,  together  with  a  reasonable  remun- 
eration to  the  person  appointed  for  superintending 
the  performance,  and  amounting  to  a  sum  specified 
in  the  order,  together  with  the  costs  of  the  pro- 
ceedings, shall  be  paid  by  the  commissioners  of 
sewers,  and  any  order  made  for  the  payment  of  such 
expenses  and  costs  may  be  removed  into  the  High 
Court,  and  enforced  as  an  order  of  that  court. 

(2.)  Any  person  so  appointed  shall,  in  the  per- 
formance and  for  the  purposes  of  the  said  duty,  be 
invested  with  all  the  powers  of  the  commissioners  of 
sewers  other  than  (save  as  herein-after  provided)  the 
powers  of  levying  rates ;  and  the  Local  Government 
Board  may  by  order  change  any  person  so  appointed. 

(3.)  Any  sum  specified  in  an  order  of  the  Local 
Government  Board  for  payment  of  the  expenses  of 
performing  the  duty  of  the  commissioners  of  sewers, 
together  with  the  costs  of  the  proceedings,  shall  be 
deemed  to  be  expenses  properly  incurred  by  those 
commissioners,  and  to  be  a  debt  due  from  them, 
and  payable  out  of  any  moneys  in  their  hands  or  the 
hands  of  their  officers,  or  out  of  any  rate  applicable  to 
the  payment  of  any  expenses  properly  incurred  by  the 
commissioners  (which  rate  is  in  this  section  referred  to 
as  "  the  local  rate  ").  If  the  commissioners  refuse  to 
pay  any  such  debt  for  a  period  of  fourteen  days  after 
demand,  the  Local  Government  Board  may  by  order 
empower  any  person  to  levy,  by  and  out  of  the  local 
rate,  such  sum  (to  be  specified  in  the  order)  as  may, 
in  the  opinion  of  the  Local  Government  Board,  be 
sufi&cient  to  defray  the  debt,  and  all  expenses  incurred 
in  consequence  of  the  non-payment  thereof. 

(4.)  Any  person  so  empowered  shall  have  the  same 
powers  of  levying  the  local  rate,  and  requiring  all 
officers  of  the  commissioners  of  sewers  to  pay  over 
any  money  in  their  hands,  as  the  commissioners 
would  have  in  the  case  of  expenses  legally  payable  out 
of  a  local  rate  to  be  raised  by  them  ;  and  the  said 
person,  after  repaying  all  sums  of  money  so  due  in 
respect  of  the  order,  shall  pay  the  surplus,  if  any  (the 
amount  to  be  ascertained  by  the  Local  Government 
Board),  to  or  to  the  order  of  the  commissioners  of 
sewers. 

(5.)  The  Local  Government  Board  may  certify  the 
amount  of  expenses  incurred,  or  an  estimate  of  the 
expenses  about  to  be  incurred,  by  any  person  appointed 
by  the  Board  under  this  section  to  perform  the  duty 
of  the  commissioners  ;  also,  the  amount  of  any  loan 
required  to  defray  any  expenses  so  incurred,  or 
estimated  as  about  to  be  incurred  ;  and  the  certificate 
of  the  Board  shall  be  conclusive  as  to  all  matters  to 
which  it  relates. 

(6.)  Whenever  the  Local  Government  Board  so 
certifies  a  loan  to  be  required,  that  Board,  or  the  per- 
son so  appointed,  may,  by  any  instrument  duly 
executed,  charge  the  local  rate  with  the  repayment 
of  the  principal  and  interest  due  in  respect  of  the  loan, 
and  every  such  charge  shall  have  the  same  effect  as  if 
the  commissioners  of  sewers  were  empowered  to  raise 
the  loan  on  the  security  of  the  local  rate,  and  had  duly 
executed  an  instrument  charging  the  same  on  that 
rate. 

(7.)  Any  principal  money  or  interest  for  the  time 


being  due  in  respect  of  a  loan  under  this  section  shall 
be  a  debt  due  from  the  commissioners  of  sewers,  and, 
in  addition  to  any  other  remedies,  may  be  recovered 
in  the  manner  in  which  a  debt  due  from  those  com- 
missioners may  be  recovered  in  pursuance  of  this 
section. 

(8.)  The  surplus  (if  any)  of  any  such  loan,  after 
payment  of  the  expenses  aforesaid,  shall,  on  the 
amount  thereof  being  certified  by  the  Local  Govern- 
ment Board,  be  paid  to  or  to  the  order  of  the  com- 
missioners of  sewers. 

(g.)  "Expenses,"  for  the  purposes  of  this  section, 
shall  include  all  sums  payable  under  this  section  by 
or  by  the  order  of  the  Local  Government  Board,  or 
the  person  appointed  by  that  Board. 

Saving  Clauses. 

136.  Saving  for  water  rights. — Nothing  in  this  Act 
shall  be  construed  to  authorise  any  sanitary  authority 
to  injuriously  affect  the  navigation  of  any  river  or 
canal,  or  to  divert  or  diminish  any  supply  of  water  of 
right  belonging  to  any  river  or  canal ;  or  to  injur- 
iously affect  any  reservoir,  canal,  river,  or  stream,  or 
the  feeders  thereof,  or  the  supply,  quality,  or  fall 
of  water,  contained  in  any  reservoir,  canal,  river, 
stream,  or  in  the  feeders  thereof,  in  cases  where  any 
person  would,  if  this  Act  had  not  been  passed,  have 
been  entitled  by  law  to  prevent  or  be  relieved  against 
the  injuriously  affecting  of  such  reservoir,  canal, 
river,  stream,  feeders,  or  such  supply,  quality,  or  fall 
of  water,  unless  the  sanitary  authority  first  obtain  the 
consent  in  writing  of  the  person  so  entitled  as  afore- 
said. 

137.  Saving  for  Thames  Conservators. — Nothing  in 
this  Act  shall  affect  any  power  of  the  Conservators  of 
the  Thames  under  the  Thames  Navigation  Act,  1870 
(33  &  34  Vict.  c.  cxlix.)  or  otherwise. 

138.  Powers  of  Act  to  be  cumulative. — All  powers, 
rights,  and  remedies  given  by  this  Act  shall  be  in 
addition  to  and  not  in  derogation  of  any  other  powers, 
rights,  and  remedies  conferred  by  any  Act  of  Parlia- 
ment, law,  or  custom,  and  all  such  other  powers,  rights, 
and  remedies  may  be  exercised  and  put  in  force  in  the 
same  manner  and  by  the  same  authority  as  if  this  Act 
had  not  been  passed. 

Temporary  Provisions. 

139.  Existing  officers. — (i.)  In  the  case  of  any 
medical  officer  of  health  or  inspector  of  nuisances  who 
holds  office  under  an  appointment  made  before  the 
commencement  of  this  Act  (in  this  section  referred  to 
as  an  existing  ofi&cer),  the  provisions  of  this  Act  with 
respect  to  his  salary  and  tenure  of  office  shall  be 
qualified  as  follows  ;  that  is  say, 

(a.)  Where  a  portion  of  his  salary  is  paid  by  the 
county  council  out  of  the  Exchequer  contribu- 
tion account,  the  Local  Government  Board  shall 
have  the  same  powers  as  they  have  in  the  case  of 
a  district  medical  officer  of  a  poor  law  union  with 
regard  to  the  qualification,  appointment,  duties, 
salary,  and  tenure  of  office  of  such  officer  : 

(6.)  In  any  other  case  the  Local  Government 
jBoard  may  prescribe  the  qualification  and  duties 
of  a  medical  officer  of  health  : 

(c)  Subject  to  the  said  powers  of  the  Local  Govern- 
ment Board,  the  sanitary  authority  may  make 
such  payments  as  they  think  fit  on  account  of  the 
remuneration  and  expenses  of  such  officer,  and 
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every  such  officer  shall  be  removable  by  the 
sanitary  authority  at  their  pleasure :        ,   ,,  , 
(rf.)  Every  such   inspector  of  nuisances  shall  be 

called  a  sanitary  inspector. 
(2  )  The  requirements  of  this  Act  with  respect  to 
the  qualification  of  medical  officers  shall  not  apply  to 
medical  officers  appointed  before  the  first  day  of 
January  one  thousand  eight  hundred  and  ninety- 
two-  and  this  Act  shall  not  prevent  any  person 
who'  at  the  commencement  of  this  Act  is  both  a 
district  medical  officer  of  a  union  and  a  medical 
officer  of  health  from  continuing  to  hold  those  appoint- 
ments in  like  manner  as  if  this  Act  had  not  been 
passed. 

140  Term  of  office  of  existing  members  of  Woolwieh 
board  —Those  members  of  the  Woolwich  Local  Board 
whose  term  of  office,  if  this  Act  had  not  been  passed, 
would  have  expired  in  the  month  of  August  m  any 
year,  shall  go  out  of  office  on  the  fifteenth  day  of 
April  in  the  same  year. 

Interpretation  . 
141.  Interpretation  of  terms.— In  this  Act,  unless  the 
context  otherwise  requires,—  ,    .  •  ^  ^• 

The  expression    London"  means  the  administrative 

county  of  London  •  t  j 

The  expression  "  county  council   means  the  London 

County  Council : 
The  expression"  the  Metropolitan  Asylum  Mana- 
gers "  means  the  Mauagers  of  the  Metropolitan 
Asylum  District : 
The  expression  "street  "  includes  any  highway,  and 
any  public  bridge,  and  any  road,  lane,  footway, 
square,   court,    alley,   or    passage,   whether  a 
thoroughfare  or  not,  and  whether  or  not  there  are 
houses  in  such  street  : 
The  expression  "premises"  includes  messuages, 
buildings,  lands,  easements,  and  hereditaments  of 
any  tenure,  whether  open  or  enclosed,  whether 
built  on  or  not,  and  whether  public  or  private,  and 
whether  maintained  or  not  under  statutory  auth- 

Th"expression  "  house  "  includes  schools,  also  fac- 
tories and  other  buildings  in  which  persons  are 
employed: 

The  expressions  "  building  "  and  "  house  res- 
pectively include  the  curtilage  of  a  building  or 
house,  and  include  a  building  or  house  wholly  or 
partly  erected  under  statutory  authority : 

The  expression  "bakehouse"  means  any  place  in 
which  are  baked  bread,  biscuits,  or  confectionery, 
from  the  baking  or  selling  of  which  a  profit  is 

derived :  .  ,       ,     ,  j 

The  expression  "  vessel  "  includes  a  boat  and  every 

description  of  vessel  used  in  navigation  : 
The  expression  "  hospital  "  means  any  premises  or 
vessels  for  the  reception  of  the  sick,  whether  per- 
manently or  temporarily  applied  for  that  purpose, 
and  includes  an  asylum  of  the  Metropolitan 
Asylum  Managers :  .     ,  r 

The  expression  "master"  means  in  the  case  ol  a 
building  or  part  of  a  building,  a  person  in  occupa- 
tion of  or  having  the  charge,  management  or 
control  of  the  building,  or  part  of  the  building, 
and  in  the  case  of  a  house  the  whole  of  which  is 
let  out  in  separate  tenements,  or  in  the  case  of  a 
lodging  house  the  whole  of  which  islet  to  lodgers, 
includes  the  person  receiving  the  rent  payable  by 
the  tenants  or  lodgers  either  on  his  own  account 
or  as  the  agent  of  another  person,  and  in  the  case 


of  a  vessel  means  the  master  or  other  person  in 
charge  thereof : 
The    expression    "house  refuse"  means  ashes, 
cinders,  breeze,  rubbish,  night  soil,  and  filth,  but 
does  not  include  trade  refuse  : 
The  expression  "  trade  refuse"  means  the  refuse  of 
any  trade,  manufacture,  or  business,  or  of  any 
building  materials : 
The  expression  "  street  refuse  "  means  dust,  dirt, 
rubbish,  mud,  road  scrapings,  ice,  snow,  and  filth  : 
The  expression  "  owner  "  means  the  person  for  the 
time  being  receiving  the  rackrent  of  the  premises 
in  connexion  with  which  the  word  is  used, 
whether  on  his  own  account  or  as  agent  or  trustee 
for  any  other  person,  or  who  would  so  receive  the 
same  it  such  premises  were  let  at  a  rackrent : 
The  expression  "  rackrent  "  means  rent  which  is  not 
less  than  two-thirds  of  the  full  annual  value  of  the 
premises  out  of  which  the  rent  arises  ;  and  the  full 
annual  value  shall  be  taken  to  be  the  annual  rent 
which  a  tenant  might  reasonably  be  expected,  tak- 
ing one  year  with  another,  to  pay  for  the  premises, 
if  the  tenant  undertook  to  pay  all  usual  tenant's 
rates  and  taxes,  and  tithe  commutation  rentcharge 
(if  any),  and  if  the  landlord  undertook  to  bear  the 
cost  of  the  repairs,  and  insurance,  and  the  other 
expenses   (if    any)  necessary  to  maintain  the 
premises  in  a  state  to  command  such  rent : 
The  expression  "  slaughterer  of  cattle  or  horses  " 
means  a  person  whose  business  it  is  to  kill  any 
description  of  cattle,  or  horses,  asses,  or  mules, 
for  the  purpose  of  the  flesh  being  used  as  butcher's 
meat;   and  the  expression  "slaughter-house" 
means  any  building  or  place  used  for  the  purpose 
of  such  business : 
The  expression  "  knacker  "  means  a  person  whose 
business  it  is  to  kill  any  horse,  ass,  mule,  or  cattle 
which  is  not  killed  for  the  purpose  of  the  flesh 
being  used  as  butcher's  meat ;  and  the  expression 
"  knacker's  yard  "  means  any  building  or  place 
used  for  the  purpose  of  such  business  : 
The  expression  "  cattle  "  includes  sheep,  goats,  and 
swine : 

The  expression  "source  of  water  supply"  means 
any  stream,  reservoir,  aqueduct,  pond,  well,  tank, 
cistern,  pump,  fountain,  or  other  work  or  means 
for  the  supply  of  water,  whether  actually  used  or 
capable  of  being  used  for  the  supply  of  water  or 

not :  .    .  J 

The  expression  "sanitary  convenience"  includes 
urinals,  water-closets,  earth  closets,  privies,  and 
any  similar  conveniences : 
The  expression  "  day  "  means  the  period  between 
six  o'clock  in  the  morning  and  the  succeeding 
nine  o'clock  in  the  evening  : 
The  expression  "ashpit"  means  any  ashpit,  dust- 
bin, ash-tub,  or  other  receptacle  for  the  deposit  of 
ashes  or  refuse  matter : 
The  expression  "  cistern  "  includes  a  water-butt : 
The  expression  "  dairy  "  includes  any  farm,  farm- 
house, cowshed,  milk-store,  milk-shop,  or  other 
place  from  which  milk  is  supplied,  or  in  which 
milk  is  kept  for  purposes  of  sale  : 
The  expression   "dairyman"   includes  any  cow- 
keeper,  purveyor  of  milk,  or  occupier  of  a  dairy. 

Repeal. 

142  Rcf-cal  of  enactments  in  schedule.— {i.)  The  Acts 
specified  in  the  Fourth  Schedule  to  this  Act  are  here- 
by repealed  to  the  extent  specified  in  the  third  column 
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of  that  schedule,  and  shall  be  so  repealed  as  from  the 
date  in  that  schedule  mentioned,  and  where  no  date  is 
mentioned  as  from  the  commencement  of  this  Act ; 
(2.)  Provided  that — 

(a.)  where  any  enactment  in  the  said  schedule 
extends  beyond  London,  such  enactment  shall 
not  unless  otherwise  expressed  be  deemed  to  be 
hereby  repealed,  so  far  as  it  applies  beyond 
London . 

(b.)  all  securities  given  under  and  all  orders,  bye- 
laws,  rules,  regulations,  and  notices  duly  made  or 
issued  under  or  having  effect  in  pursuance  of  any 
Act  hereby  repealed  shall  be  of  the  same  validity 
and  effect  as  if  they  had  been  given,  made,  or 
issued  under  this  Act,  and  any  penalties  recover- 
able under  any  such  order,  byelaw,  rule,  regu- 
lation, or  notice  may  be  recovered  as  if  they  were 
imposed  by  byelaws  under  this  Act. 
(3.)  Where  the  county  council  or  a  sanitary  author- 
ity are  required  by  this  Act  to  make  byelaws  for  any 
purpose  for  which  there  are  no  byelaws  of  the  council 
or  authority  in  force  at  the  commencement  of  this  Act, 
the  first  byelaws  made  by  the  county  council  or 
sanitary  authority  for  that  purpose  under  this  Act 
shall  be  submitted  to  the  Local  Government  Board 
for  sanction  not  later  than  six  months  after  the  com- 
mencement of  this  Act. 

(4.)  Any  enactment  expressed  in  the  Fourth 
Schedule  to  this  Act  to  be  repealed  as  from  the  com- 
ing into  operation  of  any  byelaw  made  for  the  like 
object  shall,  although  no  such  byelaw  is  made,  be 
repealed  on  the  expiration  of  twelve  months  next  after 
the  commencement  of  this  Act,  or  such  later  day,  not 


exceeding  eighteen  months  from  such  commencement, 
as  may  be  fixed  by  Order  in  Council. 

(5.)  For  the  removal  of  doubts  it  is  hereby  declared 
that  so  much  of  the  Public  Health  Act,  1875  (38  &  39 
Vict.  c.  55)  as  re-enacts  sections  fifty-one  and  fifty- 
two  of  the  Sanitary  Act,  1866  (29  &  30  Vict.  c.  90) 
and  sections  thirty-four  to  thirty-six  of  the  Public 
Health  Act,  1872  (35  &  36  Vict.  c.  79)  extends  to 
London. 

(6.)  OjBScers  appointed  under  any  enactment  hereby 
repealed  shall  continue  in  office  in  like  manner  as  if 
they  were  appointed  in  pursuance  of  this  Act,  subject 
nevertheless  to  the  provisions  of  this  Act  respecting 
existing  officers. 

(7.)  Where  in  any  enactment  or  in  any  order  made 
by  a  Secretary  of  State  or  by  the  Local  Government 
Board,  and  in  force  at  the  time  of  the  passing  of  this 
Act,  or  in  any  document,  any  Act  or  any  provisions  of 
an  Act  are  mentioned  or  referred  to  which  relate  to 
London  and  are  repealed  by  this  Act,  such  enactment, 
order,  or  document  shall  be  read  as  if  this  Act  or  the 
corresponding  provisions  of  this  Act  were  therein 
mentioned  or  referred  to  instead  of  such  repealed  pro- 
visions, and  as  if  a  sanitary  authority  under  this  Act 
\v6re  substituted  for  any  nuisance  authority  men- 
tioned in  such  repealed  provisions. 

143,  Commencement  of  Act.— This  Act  shall  come 
into  operation  on  the  first  day  of  January  next  after 
the  passing  thereof. 

144.  Short  title.— This  Act  may  be  cited  as  the 
Public  Health  (London)  Act,  1891. 


MODEL  BYELAWS. 


Interpretation  of  Terms. 

1.  Throughout  these  Byelaws  the  expression  "  the 
sanitary  Authority "   means  the 

and  the  expression  "  the  District  " 
means  the  Sanitary  District  of 

For  the  Prevention  of  Nuisances  arising  from 
ANY  Snow,  Ice,  Salt,  Dust,  Ashes,  Rubbish, 
Offal,  Carrion,  Fish,  or  Filth,  or  other 
Matter  or  Thing  in  any  Street. 

2.  The  occupier  of  any  premises  fronting,  adjoin- 
ing, or  abutting  on  any  street  not  repairable  by  the 
inhabitants  at  large  shall,  as  soon  as  conveniently 
may  be  after  the  cessation  of  any  fall  of  snow,  remove 
or  cause  to  be  removed  from  the  footways  and  pave- 
ments adjoining  such  premises  all  snow  fallen  or 
accumulated  on  such  footways  and  pavements  in  such 
a  manner  and  with  such  precautions  as  will  prevent 
any  undue  accumulation  in  any  channel  or  carriage 
way  or  upon  any  paved  crossing. 

In  the  case  of  any  premises,  the  person  in  occupa- 
tion of  or  having  the  charge,  management,  or  control 


of  the  same,  or  if  there  is  no  such  person,  then  any 
person  in  occupation  of  or  having  the  charge,  main- 
tenance or  control  of  any  part  of  the  premises,  and  in 
the  case  of  any  premises  the  whole  of  which  are  let  to 
lodgers,  the  person  receiving  the  rent  payable  by  the 
tenants  or  lodgers,  either  on  his  own  account  or  as  the 
agent  of  another  person,  shall  for  the  purposes  of  this 
byelaw  be  deemed  to  be  the  occupier. 

3.  Every  person  who  shall  remove  any  snow  from 
any  premises  shall  deposit  the  same  in  such  a  manner 
and  with  such  precautions  as  to  prevent  any  accumu- 
lation thereof  in  any  channel  or  upon  any  paved 
crossing. 

If  in  the  process  of  such  removal  any  snow  be 
deposited  upon  any  footway  or  pavement,  he  shall 
forthwith  remove  such  snow  from  such  footway  or 
pavement. 

4.  Every  person  who  shall  throw  any  salt  upon  any 
snow  on  the  footway  of  any  street  shall  do  so  in  such 
quantity  and  in  such  manner  as  effectually  to  dissolve 
the  whole  of  such  snow,  and  he  shall  forthwith  effect- 
ually remove  from  the  footway  the  whole  of  the 
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deposit  resulting  from  the  mixture  of  the  salt  with  the 
snow.  He  shall  not  place  any  part  of  such  deposit  on 
the  carriageway  of  such  street  other  than  any  channel 
at  the  side  of  such  carriageway,  and  he  shall  not 
remove  the  same  into  any  such  channel  unless  it  is 
suflficiently  liquid  to  flow  along  such  channel. 

No  person  shall  throw  any  salt  upon  any  snow  on 
the  carriageway  of  any  street,  unless  it  shall  be  prac- 
ticable forthwith  effectually  to  remove  from  such 
carriageway  the  whole  of  the  deposit  resulting  from 
the  mixture  of  the  salt  with  the  snow.  He  shall  forth- 
with effectually  remove  the  whole  of  such  deposit,  but 
he  shall  not  place  any  part  thereof  on  the  footway  of 
such  street,  nor  shall  he  place  any  part  thereof  in  the 
channel  at  the  side  of  the  carriageway,  unless  it  is 
sufficiently  liquid  to  flow  along  such  channel. 

5 .  The  occupier  of  any  premises  who  shall  remove 
or  cause  to  be  removed  any  dust,  ashes,  rubbish, 
offal,  carrion,  fish  in  an  offensive  condition,  or  filth  or 
other  like  matter  or  thing  from  his  premises,  shall  for 
the  purpose  of  such  removal  in  every  case  use  or 
cause  to  be  used  a  suitable  vessel  or  receptacle,  cart, 
or  carriage  properly  constructed  and  furnished  with  a 
sufficient  covering,  so  as  to  prevent  the  escape  of  the 
contents  thereof. 

If  in  the  process  of  such  removal  any  person  shall 
slop  or  spill,  or  cause  or  allow  to  fall  upon  any  foot- 
way, pavement,  or  carriageway,  any  such  dust,  ashes, 
rubbish,  offal,  carrion,  fish  in  an  offensive  condition, 
or  filth  or  other  like  matter  or  thing,  he  shall  forth- 
with remove  such  dust,  ashes,  rubbish,  offal,  carrion, 
fish,  or  filth  or  other  matter  or  thing  from  the  place 
whereon  the  same  may  have  been  slopped  or  spilled, 
or  may  have  fallen,  and  shall  immediately  thereafter 
thoroughly  sweep  or  otherwise  thoroughly  cleanse 
such  place. 

6  Every  person  who  shall  lay  or  cause  to  be  laid 
in  any  street  any  litter  or  other  matter  in  case  of  sick- 
ness to  prevent  noise  shall  lay  the  same  so  that  it  may 
be  evenly  distributed  over  the  surface  of  the  part  ot 
the  street  intended  to  be  covered,  and  shall,  when  the 
occasion  ceases,  remove  or  cause  to  be  removed  from 
such  street  the  litter  or  other  matter  so  laid  m  such 
street 

For  Preventing  Nuisances  arising  from  any 
Offensive  Matter  running  out  of  any 
Manufactory,  Brewery,  Slaughter-house, 
Knacker's  Yard,  Butcher's  or  Fishmonger's 
Shop,  or  Dunghill,  into  any  uncovered  place, 
whether  or  not  surrounded  by  a  wall  or 
fence. 

7  The  occupier  of  a  manufactory,  brewery, 
slauehter-house,  knacker's  yard,  butcher's  or  fish- 
monler's  shop,  or  of  any  premises  comprising  a 
dunghill  shall  not  cause  or  suffer  any  offensive  matter 
to  run  out  of  such  manufactory,  brewery,  slaughter- 
house, knacker's  yard,  butcher's  or  fishmonger  s  shop 
or  dunghill,  into  any  uncovered  place,  whether  or  not 
surrounded  by  a  wall  or  fence  so  as  to  be  likely  to 
become  a  nuisance. 

For  the  Prevention  of  the  keeping  of  Animals 
ON  any  Premises  so  as  to  be  a  Nuisance  or 
Injurious  or  Dangerous  to  Health. 

8  The  occupier  of  any  premises  shall  not  keep  any 
animal  on  such  premises  in  such  a  place  or  in  such  a 
manner  as  to  pollute,  or  to  be  likely  to  pollute  any 
water  supplied  for  use  or  used  or  likely  to  be  used  by 


man  for  drinking  or  domestic  purposes,  or  for  manu- 
facturing drink  for  the  use  of  man,  or  any  water  used 
or  likely  to  be  used  in  any  dairy. 

9.  Every  occupier  of  a  building  or  premises  wherein 
or  whereon  any  horse  or  other  beast  of  draught  or 
burden,  or  any  cattle  or  swine  may  be  kept,  shall 
provide,  in  connexion  with  such  building  or  premises, 
a  suitable  receptacle  for  dung,  manure,  soil,  filth,  or 
other  offensive  or  noxious  matter  which  may,  from 
time  to  time,  be  produced  in  the  keeping  of  any  such 
animal  in  such  building  or  upon  such  premises. 

He  shall  cause  such  receptacle  to  be  constructed  so 
that  the  bottom  or  floor  thereof  shall  not,  in  any  case, 
be  lower  than  the  surface  of  the  ground  adjoining  such 
receptacle. 

He  shall  also  cause  such  receptacle  to  be  constructed 
in  such  a  manner  and  of  such  m  aterials,  and  to  be  main- 
tained at  all  times  in  such  a  condition  as  to  prevent 
any  escape  of  the  contents  thereof,  or  any  soakage 
therefrom  into  the  ground  or  into  the  wall  of  any 

building.  .  ,    ,    •  t 

He  shall  cause  such  receptacle  to  be  furnished  with 
a  suitable  cover,  and,  when  not  required  to  be  open, 
to  be  kept  properly  covered. 

He  shall  likewise  provide  in  connexion  with  such 
building  or  premises  a  sufficient  drain,  constructed  in 
such  a  manner,  and  of  such  materials,  and  maintained 
at  all  times  in  such  a  condition,  as  effectually  to 
convey  all  urine  or  liquid  filth,  or  refuse  therefrom, 
into  a  sewer,  or  other  proper  receptacle. 

He  shall,  once  at  least  in  every  week,  remove  or 
cause  to  be  removed  from  the  receptacle  provided  in 
accordance  with  the  requirements  of  this  byelaw  all 
dung,  manure,  soil,  filth,  or  other  offensive  or  noxious 
matter,  produced  in  or  upon  such  building  or  premises, 
and  deposited  in  such  receptacle. 

As  TO  THE  Paving  of  Yards  and  Open  Spaces  in 
Connexion  with  Dwelling-houses. 
10  The  owner  of  every  dwelling-house  in  con- 
nexion with  which  there  is  any  yard  or  open  space, 
shall,  where  it  is  necessary  for  the  prevention  or 
remedy  of  insanitary  conditions  that  all  or  part  of 
such  yard  or  open  space  shall  be  paved,  forthwith 
cause  the  same  to  be  properly  paved  with  a  hard, 
durable,  and  impervious  pavement,  evenly  and  closely 
laid  upon  a  sufficient  bed  of  good  concrete,  and  so 
sloped  to  a  properly  constructed  channel  as  effectually 
to  carry  off  all  rain  or  waste  water  therefrom. 


Interpretation  of  Terms. 

1,  Throughout  these  Byelaws  the  expression  "  the 

Sanitary  Authority  "  means  the  t^-  »  •  .  •• 

and  the  expression  "  the  District 

means  the  Sanitary  District  of 

With  respect  to  the  keeping  of  Waterclosets 
supplied  with  sufficient  Water  for  their 
effective  action. 
2  The  occupier  of  any  premises  in  or  for  which 
any'watercloset  shall  be  provided,  shall  cause  such 
watercloset  to  be  at  all  times  properly  supplied  vvith 
a  sufficient  quantity  of  water  for  securing  its  effective 

Where,  however,  any  watercloset  is  provided  for 
the  use  of  persons  occupying  two  or  more  separately 
occupied  premises,  and  there  is  a  person  hav  ng  tne 
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care  and  control  of  such  watercloset,  the  foregoing 
requirement  shall  apply  to  such  person. 

Penalties. 

3.  Every  person  who  shall  offend  against  the  fore- 
going Byelaw,  shall  be  liable  for  every  such  offence  to 
a  penalty  of  five  pounds,  and  in  the  case  of  a  con- 
tinuing offence  to  a  further  penalty  of  forty  shillings 
for  each  day  after  written  notice  of  the  offence  from 
the  Sanitary  Authority. 

Provided,  nevertheless,  that  the  justices  or  court 
before  whom  any  complaint  may  be  made,  or  any 
proceedings  may  be  taken  in  respect  of  any  such 
otfence,  may,  if  they  think  fit,  adjudge  the  payment 
as  a  penalty  of  any  sum  less  than  the  full  amount 
of  the  penalty  imposed  by  this  Byelaw. 


Interpretation  of  Terms. 

1.  Throughout  these  Byelaws  the  expression 
"  Sanitary  Authority  "  means  the 

and  the  expression  '•  the  District  " 
means  the  Sanitary  District  of 

For  securing  the  Cleanliness  and  Freedom 
FROM  Pollution  of  Tanks,  Cisterns,  and 
other  Receptacles  used  for  storing  of 
Water  used  or  likely  to  be  used  by  Man 
FOR  Drinking  or  Domestic  Purposes,  or  for 
manufacturing  Drink  for  the  Use  of  Man. 

2.  The  occupier  of  any  premises  on  which  a  tanlc, 
cistern,  or  other  receptacle  is  used  for  storing  of  water 
used  or  likely  to  be  used  by  man  for  drinking  or 


domestic  purposes,  or  for  manufacturing  drink  for  the 
use  of  man,  shall  empty  and  cleanse  the  same,  or 
cause  the  same  to  be  emptied  and  cleansed,  once  at 
least  in  every  six  months,  and  at  such  other  times  as 
may  be  necessary  to  keep  the  same  in  a  cleanly  state 
and  free  from  pollution. 

He  shall  cause  every  such  tank,  cistern,  or  other 
receptacle  which  is  erected  outside  a  building,  or 
which,  being  erected  inside  a  building,  is  not  placed 
in  a  suitable  chamber,  or  otherwise  constructed  or 
placed  so  as  to  prevent  the  pollution  of  the  water 
therein,  to  be  provided  with  a  proper  cover,  and  to  be 
kept  at  all  times  properly  covered. 

Provided  that  in  every  case  where  two  or  more 
tenants  of  any  premises  are  entitled  to  the  use  in 
common  of  any  tank,  cistern,  or  other  receptacle  used 
for  storing  of  water  used  or  likely  to  be  used  by  man 
for  drinking  or  domestic  purposes,  or  for  manufac- 
turing drink  for  the  use  of  man,  the  foregoing  require- 
ments shall  apply  to  the  owner  of  such  premises 
instead  of  to  any  occupier  thereof. 

Penalties. 

3.  Every  person  who  shall  offend  against  the  fore- 
going byelaw,  shall  be  liable  for  every  such  offence 
to  a  penalty  of  five  pounds,  and  in  the  case  of  a  con- 
tinuing offence  to  a  further  penalty  of  forty  shillings 
for  each  day  after  written  notice  of  the  offence  from 
the  Sanitary  Authority. 

Provided,  nevertheless,  that  the  justices  or  court 
before  whom  any  complaint  may  be  made  or  any  pro- 
ceedings may  be  taken  in  respect  of  any  such  offence, 
may,  if  they  think  fit,  adjudge  the  payment  as  a 
penalty  of  any  sum  less  than  the  full  amount  of  the 
penalty  imposed  by  this  Byelaw. 
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THE  SIX  MEDALS  AWARDED  TO  THOMAS  GLOVER'S  PATENT  DRY  GAS-METERS. 

The  latter  being  the  Highest  Award  for  Dry  Gas-Meters  at  the  Paris  Exhibition,  1867. 
Since  then  we  have  not  Exhibited  FOR  PRIZES. 


— Are  a  remedy  for  all  the  defect  a  of 

Wet  Meters. 
. — Are  suitable  for  all  Climates.whetlier 
hot  or  coldi 
-Incurnolossof  Gas  by  Evaporation. 
. — Cannot  become  fixed  by  Frost,  how- 
ever severe. 
— Are  the  most  accurate  and  unvary- 
ing measurers  of  &as. 
— Prevent  jumping  or  unexpected  ex- 
tinction of  the  Lights. 
— May  be  fixed  either  above  or  below 

the  level  of  the  Lights. 
, — Cannot  be  tampered  with  without 
visibly  damaging  the  outer  case. 
, — Will  last  much  longer  than  Wet 
Meters. 

,  Will  not  cost  more  than  one-half  for 

repair  that  Wet  or  Water  Meters 
do. 

upheld  for  five  years  vrithout  charge. 


THOMAS  GLOVER  &  CO 

214  to  222,  ST.  JOHN  STREET,  OLEMENWELL  GREEN, 

LONDON,  E.G. 


BRISTOL  : 
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Telegraphic  Address;  "QOTHIC." 


BIRMINGHAM  : 

3,  Bridge  Eow,  Deritend. 

Telegraphic  Address:  "GOTHIC." 


LEEDS: 
Boar  Lane  Chambers, 
4,  Basiugball  Street. 

Telegraphic  Address:  "QOTHIC." 


MANCHESTER 

37,  Blackfriars  Street. 

Telegraphic  Address:  "GOTHIC. 
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A 

Absence  of   stopcocks    leads  to 
damage  to  pianoaind  pictures,  213. 
Abstract  of  quantities  of  lead,  77. 
Abuse  of  plumbers,  170. 
Access  to  roof  in  case  of  fire,  78. 

Manholes,  160. 

Chamber,  102. 

To  R.  W.  drains,  95. 
Acid  chambers,  18. 

And  solder,  18. 
Acute  angles  on  roofs,  how  to  make 

weather-tight,  61. 
Air  pressure  test  to  drains,  174. 

Resistance  in  soil  pipes,  119. 
Air-tight  channels  for  manholes, 165. 

Covers  to  manholes,  166. 

Stoppers,  103. 
Air  vessels,  220,  222. 
Advantages  of  cisterns,  185. 

Of  secret  gutters,  60. 

Of  lead  soil  pipes,  124. 

Of  round  pipe  traps,  114. 

Of  trapping  soil  pipes,  147. 
Air-bound  drains,  152. 

Services,  204. 
Air  chamber  for  lead  burning,  20. 

Composition,'  7. 
Air-compression  in  drains,  152. 

In  soil  pipes,  142. 

Flushing  of  soil  pipes,  147. 

From  drains,  178. 

Sewers  forced  through  traps, 
169. 

Sewers  forced  into  houses,  94. 

Inlets  to  drains,  167. 

Inlet  valves,  148. 

Inlet  valves,  168. 

Inlet  valve  for  trap,  118. 

In  stop  valves,  211. 

Pipes  to  waste  pipes,  47. 

Pressure,  220. 
AlgEe  in  cisterns,  188. 
All  drains  should  have  flushing 

tanks,  182. 
Allowance  for  expansion  of  lead,  ir 
Alloy,  6. 

Amateur  sanitary  engineers,  100. 
American  engineers  test  soil  pipes, 
124. 

America,  soil  pipes  in,  125. 
Ammonia  gas,  178. 
Amount  of  rainfall,  187* 

In  10  minutes,  152. 
Amount  of  water  in  food,  &c.,  183. 

Of  water  necessary  per  head, 
183. 

Of  water  to  fill  drains,  175. 


Analysis  of  water,  185. 

Angles,  how  to  set  out,  26. 

Angus   Smith's  solution  for  iron 

drains,  155. 
Anti  D.  trap,  113,  116. 
Antimony,  5. 

Apples  used  when  drain  testing,  171. 
Aprons  for  turrets,  33. 

Lead,  71. 

On  dormers,  79. 

On  soil  pipe,  130. 

Underskylightsascondensation 
gutters,  74. 
Aqua  Regia,  5. 

Architects  and  soil  pipes,  135. 

And  W.C.  seats,  48. 
Architrave  to  dormer,  So. 
Arrangement  of  cisterns,  189. 

Of  manhole  channels,  162,  163. 
Asbestos  packed  cocks,  215. 
Asphalt  roof,  joint  to  vent  pipe,  131. 
Astragals,  90. 

To  soil  pipes,  135. 
Atmospheric  pressure,  140. 
Author  nearly  suffocated,  172. 
Autogenous  soldering,  5,  18. 
Automatic  acting  drain  flushers, 
179,  180. 

Stop  and  start  for  hydraulic 
ram  supply,  i8r. 

Tanks  to  gulJy  traps,  182. 
Avoid  soldering  on  roofs,  73. 

B 

Back  pressure  on  traps,  116. 
Bad  air  from  traps,  147. 

Arrangement   of  waste  pipes 

corrected,  48. 
Kind  of  drip  on  lead  flat,  68. 
Kinds  of  Portland  cement,  evils 

of  using,  156. 
Work  by  copper  bit,  plumber's, 
17- 

Workmen  and  their  tools,  23. 
Bale  tacks,  65. 
Ball  and  stop  valves,  210. 
Balls  inside  traps,  117. 
Ball  valves,  208,  209. 

Valves  for  sewers,  104,  105. 

Valves,  reversed  action,  180. 
Bases  to  traps,  loi. 
Baths,  traps  for,  115. 

Waste  water  and  drains,  179. 
Bags  on  turrets,  34 
Bedrooms  and  soil  pipes,  125! 
Bees'  wax  as  cement,  13. 
Bellows,  Fletcher's,  21. 


Bellows  for  blow-pipes,  16. 

For  flaming,  19. 
Bell  trap,  109. 

Turrets,  64. 
Bend,  duck's  foot,  127. 
Bends  in  soil  pipes,  120,  124. 

In  two  pieces,  40. 

Over  plinths,  133. 

Soil  pipe,  130. 

V.  elbows,  40. 
Bib-cocks,  fixing,  217. 

Cocks  and  valves,  213. 

Valves,  215. 

Valves,  self-closing,  217. 

Valve  with  air  chamber,  221. 
Bill  of  quantities,  77. 
Birds  in  vent  pipes,  143. 

Nests  in  R.W.  pipes,  91. 
Bismuth,  7. 

Black  beetles  in  boilers,  188. 
Block  joints,  128. 
Blood  heat,  120. 
Blow-holes  in  soldering,  200. 

Lamp,  16. 

Pipes,  15. 

Pipe,  hot  blast,  21. 
Blundering  workmen,  150. 
Books  on  geometry,  43. 

With  nails  in  them,  66. 
Borings  for  cement,  13. 
Borax,  8,  22. 
Bottle  trap,  115. 
Bower-Barff  d  iron  drains,  155. 

Pipes,  124. 
Bowl,  how  to  cut  lead  for  a,  33. 
Box  gutter,  51,  84. 

Hydraulics,  119, 

Tools  too  sharp,  68. 
Boys'  pop-gun,  114. 
Bracing  cistern  sides,  193. 
Bramah's  machine,  9. 
Branch  drains,  to  get  air  out  of,  176. 

Joints,  207. 

Joints  in  soil  pipes,  121. 

Joints,  preparing,  15. 
Branches  for  W.C.  ti-ap  vents,  49. 
Branch  soil  pipe,  48. 

Waste  pipes,  47. 
Brass,  7. 
Brazing,  8,  22. 

Flux  for,  22. 
Break-down  of  drains,  155. 
Breeches  piece  for  lead  burning,  20. 
Brick-built  traps,  99. 
Brick  drains,  154. 

Gully  traps,  105. 

Piers  for  drains,  156. 

For  manholes,  i6r. 
Brimstone  as  cement,  13. 
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Broken  slates,  55,  59,  60. 

Bronze  coin,  8. 

Brooks  polluted,  94. 

Brown  paper  pasted  on  pipes,  206. 

Bruises  in  lead,  66. 

In  soil  pipes,  133, 
Burning-in,  13. 

Flashings,  87. 

Stick,  87. 
Burning  jet,  21. 

Machine,  18. 

Machine  precautions,  19. 
Building  manholes,  161. 


c 

Calcining  furnace,  6. 
Cam  action  valves,  216. 
Capacity  of  trap,  112. 

Of  traps,  100. 
Capillary  attraction,  65,  66. 

On  roofs,  50,  70,  71. 

Empty  traps,  50. 
Capillarity,  74. 

Cappings  at  ends  of  ridges,  56. 
Caps  and  screws,  114. 
Carbonic  acid  gas,  4,  112. 
Cast-iron  trap  and  W.C.  basin,  113. 
Carbonic  anhydride,  178. 
Careless  apprentice,  201. 
Drain  testing,  170. 
Workmen,  loi. 
Care    to    be  taken  when  lining 

cisterns,  201. 
Carpenter  should  consult  plumber, 

68. 

Carpetted  houses,  183. 
Carved  stone  heads  and  soil  pipes, 
136, 

Cascade  into  trap,  102. 

On  roofs,  62. 
Cascades,  184. 
Case  of  scarlet  fever,  166. 
Cast-iron  cisterns,  196. 

Iron  drains,  155,  158. 

Iron  gratings  on  roofs,  92. 

Iron  sheathing  to  soil  pipe,  136, 
Casting  astragals,  90. 

Frame,  11. 

Lead  fronts  for  pipes,  91. 

Sheet  lead,  11. 
Cast  lead  pipes,  9. 

Lead  tacks,  90,  129. 
Cathedral  roofs,  11. 
Cause  of  broken  slates,  80. 

Of  noises  in  pipes,  219. 

Of  stoppage  in  R.W.  drains,  95. 
Caution  when  inspecting  houses, 
170. 

Cements,  12,  13,  14. 
Cement,  bees'  wax,  13. 
Brimstone,  13. 

For  cast-iron  socket  pipes,  13. 
Cemented  roof,  joint  to  vent  pipe, 

131- 

Cement  iron,  13. 

Joints  to  iron  drains,  13. 
Mastic,  13. 
Portland,  13. 


Cement,  quick  setting  iron,  13. 

Rust,  13. 

Sulphur,  13. 

V.  Lias  lime. 
Certificates  for  drain  soundness, 158. 
Ceruse,  4. 
Cerussite,  5. 

Cesspool  gases  explode,  178. 
Gratings,  92. 
On  roof,  76. 
Soldering,  76. 
Trap,  99. 
Channels  for  manholes,  162,  103. 

To  drain  traps,  103. 
Charcoal  filter,  97. 
Charging  burning  machine,  19. 
Chases  in  trails,  130. 
Cheap  cocks,  212. 

Work,  122. 
Chemically   prepared  pap6rs  for 
testing,  178. 

Pure  water  unknown,  183. 
Chemical  properties  of  metal,  4. 
Children  play  with  dirty  water.  183. 
Chimney  apron,  83. 

Pots  as  drains,  154. 
Chloride  of  zinc,  8. 
Cistern,  bracing  sides  of,  193. 
Cloth,  200. 
Condensation  in,  igo. 
Overflow  pipes,  i8g. 
Overflow   pipes    over  guUey 
traps,  189. 
Cisterns,  185. 
Safes,  190. 
And  soil  pipes,  125. 
And  W.C.'s,  188. 
And  water  pressure,  193,  194. 
How  to  solder,  200. 
Inside  roofs,  188. 
Soiling,  199. 

On  cleaning  out,  191,  196. 

On  roofs,  188. 

Portland  cement  inside,  13. 

Positions  for,  187. 

Room  for,  188. 

Voltaic  action  in,  13. 

Water  fouled,  188. 
City  and  Guilds'  Institute,  118. 
Clay  joints  to  drains,  157. 

Protects  lead,  203. 
Cleaning  out  cisterns,  191. 

Out  cisterns,  196. 

Out  pipes  to  cisterns,  190. 

Traps,  no,  116. 
Clean  water  v.  sewage  in  traps,  182. 
Clock  turrets,  64. 
Close  copper  nailing,  76. 
Cloth  for  wiping  cisterns,  200. 
Clothes  washed  in  impure  water, 
183. 

Close  tests,  171. 

Coal  gas  for  lead  burning,  21. 

Coarse  solder,  7. 

Coat  of  arms  on  R.  W.  pipes,  89. 
Cobergs,  203. 
Cocks,  bib. 
Box,  205. 

For  emptying  pipes,  205. 
Injured  by  frost,  213. 


Cocks,  self  closing,  216. 

Stop,  210. 
Collecting  rain  water,  184,  1B7. 
Coloured  papers  used  when  drain 

testing,  171. 
Combination  ferrule,  204. 

Stop  and  ball  valve,  210. 

Trap,  105. 
Combined  system  of  drainage,  94, 

Composite  sou  pipes,  124. 
Composition  of  air,  7. 
Of  ores,  3. 
Of  water,  7. 
Compound  action  ball  valves,  209. 
Compressed  air  in  drains,  169. 

Air  in  soil  pipes,  142. 
Concrete  and  iron  drains,  159. 
Drains,  155. 
Over  drains,  157. 
Round  drains,  155. 
Condensation  gutter,  74,  78. 
On  cisterns,  190. 
On  water  pipes,  206. 
Under  skylights,  74. 
Condensed  moisture,  74. 
Condy's  fluid,  185. 
Confusion  of  drains,  96. 
Connecting  cistern  overflow,  189. 
Connection  of  drains  with  lever,  169. 

With  iron  mains,  203. 
Constant  supply,  202. 
Construction  of  drains,  155. 
Contamination  of  rain  water,  184. 
Contracted  waterway  through  ball 

valves,  209. 
Copper  balls,  208. 
Bits,  17, 
Bit  joints,  17. 
Copper  to  trap  door,  73. 
Ferrule  on  soil  pipe,  127. 
Nailing,  how  to  measure,  76. 
Soil  pipes,  125. 
Tacks,  65. 
V.  Iron  nails,  34,  69. 
Vent  pipe,  139. 
Corrosion  of  cistern  materials,  191. 
Ofdip-pipe,  112. 
Of  lead,  112. 
Of  lead  drains,  159. 
Of  metals,  5. 
Country  mansions,  drains  in,  154. 
Cover  plates,  165. 
Covering  ridges  with  lead,  54. 

Roof  terminals,  62. 
Covers  to  cisterns,  188. 
Covering  tops  of  turrets,  63. 

Wood  nosings,  65. 
Cowls  on  soil  pipes,  143. 

On  vent  pipes,  143. 
Cows  and  dirty  water,  183. 
Crawling  of  lead  down  roofs,  64. 69. 

Of  lead  on  roofs,  52. 
Crooked  drains,  sometimes  advan- 
tageous, 158. 
Cross  rolls,  71. 

Rolls,  intersections,  67,  69. 
Cummings,  Alexander,  113. 
Curb  to  skylight,  73. 
To  trap  door,  73. 
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Cutting  lead  to  waste,  72. 

Out  lead  for  cesspools,  30. 
Out  lead  for  gutters,  30. 
Out  lead  for  terminals,  37,  38. 
Out  stepped  flashing,  58. 


D 

Disadvantages    of   trapping  soil 

pipes,  147. 
Disconnecting    trap    with  sluice 

attachment,  177. 
Disconnection  of  drains,  168. 

Of  W.C.'s  from  soil  pipes,  149. 
Disease  germs,  147.. 

Germs  and  traps,  107. 
Germs  in  drains,  99,  168. 
Disinfectants  and  grease  traps,  11 1. 
Divided  responsibility,  125. 
Division  of  responsibility,  150. 
Dr.  Angus  Smith's  solution,  124, 
203. 

Domes,  how  to  cut  out  lead  for,  37. 
Domical  gratings,  92. 
Dormer  aprons,  79. 

Architrave,  80. 

Cheeks,  80. 

Cheeks,  how  to  cut  out,  28. 

Doorways,  79,  81. 

Nosings,  81. 

Tops,  81. 

Window,  80. 
Dot  mould,  139. 
Dots  as  fixings,  80,  81. 

Lead,  138. 
Double  covers  to  manholes,  166. 
Double-dip  traps,  106,  107. 
Double  springing  on  roof,  83. 

Traps,  107. 

Welts,  72. 
Dowels,  lead,  138. 
Down  pipes,  91. 

As  drain  ventilators,  92. 

Empty  under  gratings,  93. 
Drain  air,  178. 

Brush,  160. 

Connection  to  sewer,  169. 
Disconnection,  168. 
Harpoon,  160. 
Pipe  joints,  156. 
Plunger,  160. 
Rods,  160. 
Screw,  160. 
Stoppers,  157. 
Traps,  loo-m. 
Drains,  150. 

Air  bound,  152. 
Air  inlets  to,  167. 
And  automatic  acting  flushers, 
180. 

And  clay  joints,  157. 

And  waste  water,  179. 

Botched,  176. 

Break  down,  158. 

Brick,  154. 

Cast  iron,  155,  158. 

Certificateas  to  soundness,  158. 

Concrete  round,  155. 


Drains,  construction  of,  155. 
Disease  germs  in,  gg. 
Enamelled  iron,  155. 
Expansion  of,  158. 
Falls  for,  151. 

Flushed  at  frequent  intervals, 
181. 

Flushed  with  rain  water,  g3. 
Flushed  with  waste  water,  179. 
Fouled  owing  to  scarcity  of 

water,  i7g. 
Hollow  cavity  over,  159. 
Hot  water  through,  14. 
How  to  calculate  sizes  of,  153. 
How  to  lay  them,  156. 
How  to  level,  156. 
In  country  mansions,  154. 
In  rocky  ground,  155. 
In  soft  ground,  155. 
Joints  to  soil  pipes,  125. 
Kept  full  of  water.  182. 
Laid  straight,  158. 
Lead,  159. 

Looking  through  them,  170. 
Made  of  concrete,  155. 
Materials  for,  154. 
Obstructions  in,  171. 
Of  iron,  158. 
On  brick  piers,  156. 
Quantity  of  water  to  fill,  175. 
Rats  in,  155. 
Retested,  158. 

Should  be  kept  clear  of  walls, 
159- 

Spence's  metal  for  jointing,  157. 
Stone,  154. 
Terra  cotta,  155. 
Tested  in  sections,  177. 
Tested  in  various  ways,  175. 
Tested  with  ether,  172. 
Tested  with  peppermint,  171. 
Tested  with  rockets,  172. 
Tested  with  smoke  machines, 
173- 

Tested  with  smoke  rockets,  172. 

Tested  with  sulphur,  172. 

Testing,  155,  170. 

Their  sizes,  152. 

To  get  air  out  of  branches,  176. 

Trapping,  168. 

Traps,  stoppers  to,  100. 

Trap  with  lip,  102. 

Under  floors,  159. 

Ventilators  as  down  pipes,  92. 

Ventilation,  166. 

Velocity  of  discharge,  151. 

Vibration  of  water  in,  when 
testing,  176. 

Vitrified  stoneware,  155. 

Water  test,  175. 

With  patent  joints,  156. 
Draw-off  cock  in  main,  205. 
Drawing  to  scale,  26. 
Dressing  lead,  23. 
Dribble  cock,  180. 
Drifting  snow  on  roof,  74. 
Drilling  an  apprentice,  201. 
Dripping  eaves,  81. 
Drips,  52. 

On  flats,  68. 


Driving  ferrule,  203. 

Duck's  foot,  127. 

Ductility  of  metals,  4. 

Dulce  Domum,  113. 

Dummy  heads  to  soil  pipes,  136, 

Sockets  on  pipes,  136. 
Dustbins,  near  cisterns,  187. 
Dust  drifts  under  skylights,  74, 
D  trap.  III,  115,  116. 

Capacity  of,  112. 

Gases  burn  inside,  179. 

Improved,  112. 

Inside  area,  112. 

Zinc,  123. 
Damage  to  pictures,  &c.,  213. 
Dangers  of  hydrogen  exploding,  19. 
Decomposition  of  animal  matter, 
166. 

Decorations  spoilt  by  R.W.  pipes, 
91. 

Deep  seal  trap,  116. 
Defective  flashings,  53. 

Joints  in  soil  pipes,  123. 
Manholes,  177. 
Defects  at  ends  of  ridges  next 
gables,  55. 

In  joints  of  soil  pipes  to  drains, 
126. 

In  stepped  flashings,  58. 
Depth  of  drips,  52. 

Of  trenches  for  service  pipes, 
205. 

Description  of   bellows  for  lead 
burning,  19. 

Of  burning  machine,  18. 
Development  of  an  elbow,  41. 
Differential  valves,  208. 
Dip-pipe  in  trap,  112. 
Dip-stone  trap,  gg,  no. 
Dirty  water  and  animals,  183. 
Dirty  water  pools  and  children,  183. 
Disadvantages  of  cisterns,  185. 

Of  round  pipe  traps,  114. 

E 

Earliest  patents  for  W.C.'s,  113. 

Ears,  8g. 

Earth  closets,  179,  184. 
Earth  contaminated  with  sewage, 
155- 

Eastbourne,  case  of  typhoid  fever, 
173- 

Easy  bends  in  pipes,  15. 
Economise  material,  72. 
Eff  ect  of  sink  on  lead,  52. 
Elbows,  91. 

Elbow  screw  ferrule,  203. 

How  to  set  out,  41. 

In  square  pipe,  42. 

V.  Bends,  40. 
Ellipses,  43. 

Emptying  pipe  to  cistern,  190. 
Enamelled-iron  drains,  155. 

Soil  pipes,  125. 

Encasing  cisterns,  188. 

Pipes,  205. 
Enclosing  sinks,  214. 
End  of  ridge  roll,  55. 
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Ends  to  seam  rolls,  70. 
Equilibrium  ball  valves.  208,  209. 
Errors  when  cutting  out  lead,  30. 
Ether,  explosive,  172. 

Test,  172. 
Evaporation  of  water,  115. 

Water  out  of  W.C.  trap,  146. 

Water  out  of  traps,  95,  loi. 

Water  in  traps,  116. 
Evils  of  beginning  laefore  ready,  48 

Capillary  attraction  on  roofs, 
50. 

Cups  and  screws  to  W.C.  traps, 
114. 

Clay  jomts  to  drams,  157. 

Cowls  on  soil  pipes,  143. 

Dipstone  traps,  gg. 

Emptying    cisterns  through 
draw-off-cocks,  igo. 

Fixing  ends  of  ridge  lead,  55. 

Fresh  air-inlet  valves,  149. 

Grease  traps,  11 1. 

Iron  nails,  54. 

Lead  cements,  12,  13. 

R.W.  pipes  as  drain  vents,  93. 

Round  pipe  traps,  114. 

Shallow  drips,  52. 

Soldered  dots,  64. 

Tacks    improperly    fixed  on 
roofs,  59. 

Trap  doors,  78. 

Waterless  traps,  146. 
Examples  of  bad  arrangement  of 
soil  pipes,  140. 

Of  bad  arrangement  in  waste 
pipes,  47-       ,  , 

Of  flushing  stable  traps  and 
drains,  182. 

Of  syphonage,  141. 

Of  using  a  too  large  flushing 
tank,  181. 

Of  water  hammer  in  pipes,  223. 
Existence  of  drains  felt,  150. 
Expansion    and    contraction  in 
drains,  158. 

An  irresistible  force,  51. 

Of  air,  221. 

Cement,  13. 

Cocks  by  heating,  212. 
Expansion  of  iron  drains,  158. 

Of  lead  by  heat,  51. 

Of  lead  hips,  56. 

Joint  for  iron  drain,  159. 

Joints  in  gutters,  52. 
Experiments  with  pipes,  10. 
Explosion  in  trap,  100. 

With  burning  machines,  19. 
Explosive  sewage  gases,  178. 
External  soil  pipes,  133. 
Eyesight  and  lead  burning,  18. 

F 

Face  plates  for  bibcocks,  219. 

Tacks,  129,  218. 
Faddist,  170. 
Falls  for  drains,  151. 
False  results  when  drain  testing, 
170. 


Feather  edged  boards,  75. 

Ferrule  with  valve,  204. 

Fever  breeding  traps,  100. 

Filtering  rain  water,  92. 

Fine  solder,  7. 

Finish  to  roll  ends,  67. 

Fire,  access  to  roof  in  case  of,  78. 

Fireclay  cisterns,  igi. 

Fish  feed  on  sewage,  g4. 

Fish  in  reservoir,  98. 

Fine  hole  grating,  108. 

Fixing  air  vessels,  221,  222. 

Bib  cocks,  217. 

Cocks  to  sinks,  218. 

Flashings,  53. 

Horizontal  soil  pipes,  136. 

Lead  in  hips,  56. 

Open  R.  W.  gutters,  92. 

Pipe  to  parapet,  138. 

Rain  water  heads,  87. 

Service  pipes,  205. 

Soil  pipes,  127,  128. 

Stepped  flashings,  58. 

Vent  pipes  on  roofs,  137. 

Work  ready  for  soldering,  49. 
Flam  and  nipple,  21. 
Flaming,  18. 

Flange  joints  on  floors,  49. 

Flapper,  133. 

Flaps  for  drains,  169. 

Flap  valves  v.  W.C.  traps,  114. 

Flap-valve  inside  trap  for  testing 

purposes,  177. 
Flashings,  burning-in,  87. 

Cement  for  pointing,  54. 

Defective,  53. 

Length  of,  51. 

Nailed  to  woodwork,  54. 
Flashing  skylight,  73,  74. 

Tacks,  76. 

To  cover  soakers,  61. 
Flask  for  casting,  88. 
Flat,  laying  lead  on,  73. 

Welts,  71,  72. 
Fletcher's  bellows,  21. 
Float  valves,  105. 

Flooding  basements  from  sewers,  94. 

Drains  not  flushing  them,  181. 
Floors  and  impure  water,  183. 

Over  drains,  i^g. 
Flushing  drains,  179. 

Tank  and  waste  water,  179. 

Tanks,  their  size,  181. 
Fluxes,  7. 

Flux  for  brazing,  22. 

Food,  &c.,  amount  of  water  in,  183. 

Larders  and  soil  pipes,  125. 
Foot  pan,  11. 

Free  edges  to  lead  on  roofs,  82. 
Fresh  air  inlet  to  soil  pipe,  148. 
Friction  inside  trap,  112. 

In  soil  pipes,  120. 
Frost  and  service  pipes,  205. 

Stop  cocks,  205. 

In  America,  205. 

Protect  cisterns  from,  188. 
Frosted  cocks,  213. 
Full-bore  ball  valves,  208. 
Fur  inside  trap,  112. 
Fusibility  of  metals,  4. 


G 

Galena,  5. 

Gallipoli  oil,  8. 

Galvanic  action,  5,  92,  122. 

Couple,  6. 
Galvanised  iron,  4. 
Cisterns,  igi. 

Soil  pipe,  123. 
Gardener  as  sanitary  engineer.  96. 

Unstops  traps,  100. 
Garden  paths  and  gulley  traps,  95. 
Gases  burn  inside  a  D  trap,  178. 

Explode  in  cesspool,  178. 

In  drains  explode,  174. 

Generating  chamber,  18. 

Tar  on  drain  concrete,  158. 
Gelatine  capsules  for  essences,  171. 
Geometry,  25  to  43. 

Books,  43. 
Gland  cock,  215. 

Joints  for  iron  drains,  159. 
Glass  cisterns,  192. 

Lined  soil  pipe,  125. 
Goddess  cheapness,  122. 
Good  and  bad  shaped  joints,  14. 

Work  always  best,  70. 
Gratings  in  roof,  cesspools,  92. 

On  vent  pipes,  143. 

To  R.W.  pipes,  91. 

To  traps,  108. 
Grease  congeals  in  drains,  no. 

Interceptors,  no. 

Traps,  no. 

Traps,  necessity  of,  no. 
Trap,  position  of,  no. 
Trap  with  water  jacket,  no. 
Grit  on  lead,  66. 

Guaranteed  pipes  for  drains,  176. 
Guard  for  soil  pipe,  133. 
Gully  traps,  105. 

And  automatic  acting  flushing 
tanks,  182. 
Gun  metal,  8. 

Cocks,  212. 

Moulds,  88. 
Gutters  for  condensation,  78. 

Skylights,  78. 

How  to  find  width,  84. 

Length  of,  51. 

Measuring  lead  in,  76. 

On  Mansard  roof,  61. 

Racks  in,  85. 

Secret,  59. 

Sunken,  85,  86. 

H 

Half  round  R.W.  pipes,  90. 
Hand  lamp  for  soldering,  16. 

Made  lead  pipe,  203. 
Hand-made  traps,  114,  115. 

Mirror  and  drain  testing,  170. 
Handy-man,  165. 

••Happy-go-lucky"  way  of  work- 
ing. 47' 
Hards,  91. 
Hard  solder,  8,  22. 

Waters  and  lead,  191. 
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Head  pan,  ii. 
Heads  for  rain  water,  86. 
Heating  solder,  methods,  15. 
Heat,  its  influence  on  lead,  51. 

Rays  in  lead,  52. 
Height  of  drips,  52. 

Of  pails,  218. 
Hemispheres,  36. 
Hidden  away  stop  cocks,  213. 
High  pressure,  202. 

Pressure  ball  valves,  208. 

Wind,  effect  of  on  roof,  73. 

Winds  drive  rain  about,  62. 
Hinged  ball  valve,  105. 

Covers  to  cisterns,  188. 

Skylights,  79. 

Valves  inside  traps,  116. 

Valves  on  overflows,  igo. 
Hip  lead  worked  on  horse,  56. 

Soakers,  57. 

On  skylights,  74. 
Holes  in  dip-pipe,  112. 
Hollow  cavity  over  drains,  159. 

Rolls,  70,  71. 
Hollow  welts,  58,  59. 
Hooks  injure  lead  pipes,  205. 
Hopper  to  trap,  108. 
Horizontal  bib  cocks,  214. 

R.W.  gutter,  91. 

Pipes,  91. 
Hose  unions  on  bib  cocks,  215. 
Hot  air  in  drains,  149, 

Blast  blow  pipe,  21. 

Water  pipes  near  soil  pipes,  125. 

Water  through  drains,  14. 
Householders  and  plumbers,  122. 
House  sewage,  151. 
How  to  apply  essence  tests,  171. 

Arrange  tacks  to  flashings,  59. 

Arrange  branch  soil  pipe,  48. 

Book  quantities,  76. 

Brace  cistern  sides,  194. 

Burn-in  flashings,  87. 

Calculate  amount  of  rainfall 
on  given  area,  152. 

Cast  lead  ears,  135. 

Calculate  sizes  of  drains,  153. 

Charge  a  burning  machine,  19. 

Line  a  cistern  with  lead,  197. 

Look  through  drains,  170. 

Make  a  scale  of  chords,  26. 

Make  a  working  scale,  28. 

Make  a  lead  joint,  159. 

Make  bends  for  square  pipe,  91. 

Make  rust  cement,  13. 

Make  soil,  199. 

Measure  lead  in  gutters,  84. 

Concrete  round  drains,  157. 

Construct  a  R.W.  filter,  98. 
How  to  cover  hips  with  soakers,  57. 

Ridges  with  lead,  54. 

Wood  nosings,  65. 

Wood  rolls  on  flats,  66. 
How  to  cut  out  a  tapering  pipe,  33. 

Dormer  cheeks,  28. 

Lead  shingles,  33. 

Metal  for  a  bowl,  33. 

Stepped  flashing,  58. 
How  to  find  amount  of  lead  on  roof, 
77- 


How  to  find  capacity  of  drains,  175. 

Obstructions  in  drains,  171. 

Width  of  gutters,  84. 
How  to  fix  lead  flashings,  53. 

Lead  on  hips,  56. 

Soakers,  60. 

Vent  pipes  on  roofs,  137. 
How  to  line  sinks  to  allow  for 
expansion,  51. 

Make  a  protractor,  26. 

Measure    length  of  flashings 
from  plans,  28. 

Measure  roof  hips  from  draw- 
ings, 28. 

Prepare  branch  joints,  207. 

Prepare  wiped  joints,  14. 

Remove  bruises  in  pipes,  133. 
How  to  set  out  angles,  26. 

Bays  for  turrets,  34. 

Bends,  39,  40. 

Range  of  W.C.  traps,  49. 

W.C.  trap,  &c.,  48. 
How  to  set  up  lead  for  ridges,  54. 

Show  a  dome  on  paper,  36. 

Solder  cisterns,  200. 

Solder  on  tacks,  129. 

Tell  if  solder  heated  properly, 
200. 

Test  drains,  175. 

Tie  end  of  hose  pipe  on  to 

union,  216. 
Work  a  cross  roll  intersection, 

67. 

Work  roll  ends,  67. 

Work  seam  rolls,  70,  71. 
Humming  noise  in  ball  valves,  209. 
Hush  pipe,  190,  210. 
Hydraulic  ram,  186. 

Ram  referred  to,  220. 

Test,  175. 
Hydrochloric  acid,  5. 
Hydrogen  explosive,  19. 

Gas,  5,  18. 

I 

Ignition  of  gases  inside  trap,  116. 
Illness  attributed  to  R.W.  cistern, 
96. 

From  R.W.  pipes,  93. 
Impetus  of  water  through  traps,  114. 
Importance  of  fixing    soil  pipes 
strongly,  128. 
Of  geometry,  25. 
Of  professional  advice,  96. 
Improper  fixing  for  pipe  on  roof, 
138. 

Improperly  fixed  ridge  rolls,  55. 
Improved  D  trap,  112. 

Drain  trap,  102, 
Impure  lead  bad  for  burning,  22. 
Water  and  clothes  and  floor 
washing,  183. 
Incorrect  statements  as  to  drains, 
170. 

Incrustration  in  soil  pipes,  120. 
India  rubber  tube  as  packing,  14. 
Influence  of  heat  on  lead,  51. 
Inlet  arms  to  trap,  108, 


Insanity  from  lead  poisoning,  191. 
Inside  area  of  D  trap,  11 1. 
Inspection  pipe  in  trap,  100. 
Institute,  City  and  Guild  of  London, 
118. 

Intercepting  R.W.  pipes,  93. 

Sand,  no. 
Interceptor  traps,  105. 
Intermittent  smells,  119. 

Supply,  185,  202. 
Internal  dormer,  81,  82. 

Pressure  in  cisterns,  194. 
Introduction  of  traps,  113. 
Iron  cements,  13. 

Cisterns,  igi. 

Channels  for  manholes,  164, 165. 
Drains,  158. 

Drains  and  concrete,  159. 
Drains,  cement  joints  for,  13. 
Drain,  joint  to  soil  pipe,  127. 
Drains  laid  on  rollers,  159. 
Oxide  paint  for  cisterns,  192. 
Plate,  67,  90. 

Plate  to  prevent  breaking  slates, 

55.  59- 
Irons,  plumbers',  201. 
Iron  roof,  joint  to  vent  pipe,  132. 

Sight  holes,  165. 

Soil  pipes,  122. 

Soil  pipes,  lime  washed,  124. 

Soil  pipes,  on  thickness  of,  124. 

Traps,  no. 

V.  Copper  nails,  34. 
Irregular  shaped  cesspools,  31. 

Shaped  positions  for  W.C,  49. 

J 

Jack-of-all-trades,  96. 

Jerry-built  houses,  122. 

Jet  for  lead  burning,  21. 

Joining  lead  to  lead,  18. 

Joint,  expansion  for  iron  drains,  159. 

Holes  under  drains,  155. 

Overcast,  17. 

Of  soil  pipe  to  roof,  130. 

Of  soil  pipe  to  cornice,  134. 

Of  lead  pipe  to  zinc  roof,  132. 

Block,  128. 

Copper  bit,  17. 

How  to  prepare,  14. 

Length  of,  14. 

Nobody's  business,  125. 

Preparing,  207. 

To  drains,  127. 

To  iron  drains,  158,  159. 
1  To  iron  soil  pipes,  122. 

Wiped,  206. 

Without  solder,  204. 

K 

Keeping  traps  charged  with  water, 

146. 
Kenli  roll,  6z. 
Killed  spirits,  8. 

Kirkaldy's  experiments  with  pipes, 
10. 
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Labels  for  stop  cocks,  213. 
Ladle-burnt  seam,  203. 
Saps  in  lead,  76. 

In  lead  sunk  in  wood,  38. 

On  ridges,  53. 
Large  sized  D  traps,  112. 

Headed  nails,  go. 
Laying  drains,  156. 
Lead,  action  of  carbonic  acid  gas 
on,  4. 

And  muriatic  acid,  5. 

And  nitric  acid,  5. 

And  sulphuric  acid,  5. 

Apron,  71. 

Aprons,  64. 

Battened  cisterns,  195. 

Breaks  away  from  nailing,  69. 

Buckles  under  springings,  83. 

Burning,  18. 

Burning  air  chamber  for,  20. 
Burning  injures  eyesight,  18. 
Burning  tubes  for,  20. 
Burning  with  coal  gas,  21. 
Casting  flask,  88. 
Cement,  12. 

Cement  and  slate  cisterns,  191. 
Cesspools,  30. 
Collars  on  pipes,  205. 
Crawls  on  roofs,  52. 
Cut  with  knife,  200. 
Disfigured  by  workmen's  boot 

nails,  202. 
Dots,  138. 
Dowels,  138. 
Drains,  158. 

Drains  and  corrosion,  159. 
Ears,  how  to  cast,  135. 
Encased  tin  pipes,  10. 
Flanges  on  pipes,  205. 
Flapper,  23,  133,  i97- 
Flashings,  53. 
Flat,  64. 

Flats,  drips  on,  68. 
Foliage,  88. 

For  hips,  how  to  measure  from 

drawings,  28. 
For  lining  cisterns,  191. 
Face  to  expand,  52. 
Headed  nails,  54,  90. 
Heads,  how  to  fipc,  87. 
Heads  never  wear  out,  86. 
Hips,  56. 

Hips  crawl  down,  56. 
In  contact  with  lime,  159. 
Influence  of  heat  on,  51. 
Marked  by  nails  in  boots,  66. 
Lead  mensuration,  73. 
Mines,  5. 
On  cathedrals,  11. 
Churches,  cathedrals,  &c.,  69. 
Flat,  73. 
Ridges,  53. 

Roofs  in  constant  motion,  51. 
Paint  inside  cisterns,  192. 
Pipes,  9. 

Bursting  pressures,  10. 
Professor  Frankland  on,  10. 
Poisoning,  191. 


Lead  R.  W.  gratings,  92. 

Pipes,  89,  90. 

Ridges,  54. 

Rigidly  fixed,  51. 

Rolls,  66. 
Leaden  R.  W.  pipes  are  best,  95. 
Lead  services,  203. 

Sheet  casting,  11. 

Shields,  87. 

Shingles,  33. 

Should  never  be  reduced  in 

thickness,  67. 
Slate,  132. 
Sliding  on  roofs,  51. 
Soil  pipes,  122. 

Soil  pipes,  advantages  of,  124. 
Soil  pipes,  thickness  of,  124. 
To  lead  joining,  18. 
Tool  marks  on,  23. 
Ventilation  pipe,  9. 
Wedges,  58. 

Wedges  for  flashings,  53. 

Work  on  roofs,  50. 

Works  out  of  drain  joints,  159. 
Leakages  near  trap  doors,  78. 
Leaky  roofs,  53. 
Leaves  in  R.  W.  pipes,  91. 
Lectures  not  advertisements,  109. 
Length  of  drain-rods,  160. 

Of  pieces  of  lead  on  roofs,  51. 

Of  joints,  14. 

Of  lead  on  hips,  56. 

Of  service  pipes,  9. 

Of  soil  pipes,  9. 
Levelling  drains,  156. 
Lever  handles  for  cocks,  214. 
Light  showers  do  not  flush  drains, 

95- 

Lime  and  lead,  159. 

Corrodes  lead,  203 . 

Wash  and  iron  pipes,  124. 
Limewash  for  cisterns,  191 . 

Inside  pipes,  203. 
Lines  for  cutting  elbows,  41. 

For  W.C.  trap,  &c.,  48. 
Lining  cisterns  with  lead,  197. 
Long  vent  pipes,  results,  143. 
Looking  through  drains,  170. 
Loosely  fixed  traps,  109. 
Loss  of  lead  by  bends,  120. 
Low  pressure,  202. 

Pressure  ball  valves,  208. 
Lugs  on  lead  pipes,  205. 

M 

Machine  for  soldering,  16. 

Main  pipes  lime  washed  inside,  203. 

Service  pipes,  10. 
Making  bends  in  square  pipes,  91 . 

Lead  pipes,  9. 

Pipes  without  a  mandril,  90. 
Malleability  of  metals,  3. 
Mandrils,  133. 

For  making  pipes,  90. 

For  opening  ends  of  pipes,  89. 
Manhole,  102,  160. 

Channels,  162,  163. 

Construction,  161. 


Manhole,  air-tight  cover  for,  166. 

Bricks  for,  161. 

Defective,  177. 

Iron  channels  for,  164,  165. 

Open  grating  over,  167. 

Sizes  of,  161. 

To  R.  W.  drains,  95. 
Manholes,  ventilated,  166. 

With  double  covers,  166. 

Testing,  177. 
Mansard  roof  gutters,  61. 
Man-servant  bathes  in  cistern,  188. 
Mansion  trap,  112. 
Market  forms  of  lead,  6. 
Master  plumber's  improvements  in 

traps,  112. 
Mastic  cement,  13. 
Materials  for  cisterns,  191. 

For  drains,  154. 

For  service  pipes,  203. 

For  soil  pipes,  122. 
Mates'  duties,  66. 

Meaning  of  capillary  attraction,  50. 
Measuring  copper  nailing,  76. 

Lead,  73,  75. 

Lead  on  a  flat,  75. 

Lead  on  skyHght,  75. 
Mechanical  traps,  116. 
Mercury  seal  trap,  118. 
Metallic  lead  joints  to  iron  drains, 
159- 

Metals,  chemical  properties,  4. 
Corrosion  of,  5. 
Ductility,  4. 
Fusibility,  4. 
Malleability,  3. 
Ores,  3. 

Specific  gravity,  3. 

Tenacity,  3. 
Method  of  milling  lead,  12. 

For  heating  solder,  15. 

For  raising  water,  187. 

For  testing  drains,  170. 
Mica  valve,  102,  148. 
Midnight  prowlers,  73. 
Milled  lead,  12. 
Mixing  rust  cement,  13. 
Mistakes  in  arranging  work,  47. 
Misuse  of  waste  water,  179. 
Momentum  of  water,  219. 
Moral  responsibility  of  engineer, 
170. 

Moulds  for  casting,  88. 

For  casting  dots,  139. 
Movement  of  iron  drains,  159. 
Muffles,  II. 

Mutilation  of  drains,  96. 

N 

Nailed  boots.  66. 
Nailing  lead  in  cisterns.  199,  200. 
Nail  holes  in  lead  on  roofs,  60. 
Nails  cut  lead  on  roofs,  52. 

Into  soil  pipes,  122. 

In  water  pipes,  206. 

In  workmen's  boots,  202. 

On  rolls,  66. 

Worked  out  by  shearing  mo- 
tion of  lead,  54. 
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Necessity  of  grease  traps,  iii. 

Of  water,  183. 
Neglected  stop  valves,  213. 
Never  hide  defects,  170. 
New  drains  in  line  of  old  drains 
155- 

River  Company's  pipe  rules,  10. 
Nitric  acid,  5. 
Noise  in  ball  valves,  209. 

In  water  pipes,  206. 

In  pipes,  219. 
Non-concussive  valve,  219. 
Non-conducting    material  round 

water  pipes,  206. 
Nosing  to  dormer,  81. 
No  water  in  trap  of  R.W.  tank  over- 
flow, 174. 

o 

Obstructions   in  drains,   how  to 
find,  171. 
R.W.  drains,  95. 
Objectionable  bends,  135. 

Traps,  io5. 
Odours  from  W.C's.  pass  into  rooms, 
172. 

Of  sewage  gases,  178. 

Round  wash  basins,  14. 
Old  cast  lead  cistern,  195. 

Mortar  corrodes  lead,  203. 

W.C.  in  Parkas'  Museum,  1x3. 
Offensive  surroundings   to  traps, 

108. 
On  alloys,  8. 

Botching  drains,  176. 

Bends  in  service  pipes,  204. 

Cheap  brass  work,  212. 

Cutting  out  sheet  lead,  72. 

Cost  of  repairs,  122. 

Domes,  36. 

Finials,  62. 

Laying  on  water  services,  204. 
Length  of  vent  pipes,  142. 
Lining  cisterns,  198. 
Milled  lead,  12. 
Mutilating  drains,  176. 
Preparing  joints,  14,  207. 
Reservoirs,  186. 
Selecting  kind  of  trap,  109. 
Soakers,  60. 

Straining  waste  water  through 

gratings,  179. 
3-inch  soil  pipes,  120. 
2-inch  soil  pipes,  119. 
2j^-inch  soil  pipes,  119. 
Lead  burning,  18. 
Leaking  taps,  186. 
Long  soil  pipes,  143. 
Metals,  3. 
Nailing  hips,  56. 
Nailing  lead,  51. 
Scales,  16,  27,  28. 
Shaving  joints,  14. 
Terminals,  62, 

Violent  flushing  of  drains,  181. 
Waste  water  and  drains,  179. 
Weathering  lead  lappings,  38. 
Working  lead  on  terminals,  62. 


Open  cleaning  holes  in  traps,  114. 

Copper  nailing,  76. 

Ends  to  drains,  152. 

Gratings  over  manholes,  167. 

Leads  on  soil  pipes,  149. 

Trough  or  gutter,  91. 
Ornamental  R.  W.  gutters,  92. 

Rain  water  pipes,  88,  91. 

Soil  pipes,  135. 

Tops  to  turrets,  63. 
Out-Heroding-Herod,  150. 
Ovals,  43. 

From  a  cone,  43. 
Overcast  joint,  17. 
Overcloaks,  66. 

Overflow  pipes  from  cisterns,  189. 
From  R.  W.  tanks,  96. 
Should   discharge   into  open 
air,  96. 

Oxidation  of  iron  pipes,  122. 
Oxide  of  iron  paint,  124. 

Of  zinc,  6. 
Oxygen,  7. 

And  lead,  4. 

P 

Paint  discoloured  by  sewage  gases, 
178. 

Painting  iron  cisterns,  192. 
Parallel  gutter,  51,  84. 
Parke's  Museum,  113. 
Pasted  paper  in  cisterns,  201. 
Patent  joints  for  drains,  156. 

Soldering  machine,  16. 
Peppermint  tests,  171. 
Perforated  ends  on  vent  pipes,  143. 
Pet  cock,  181. 
Phosphor  bronze,  8. 
Physical  properties  of  metals,  3. 

Properties  of  water,  193. 
Pipe  cannot  answer  for  two  pur- 
j)Oses,  140. 

Casings  convey  smells,  172. 

Clips,  205. 

Hooks,  205. 

Machine,  Bramah's,  9. 

Shaft  to  trap,  102. 

And  tool  marks,  33. 

Broken  by  quivering  of  ground, 
204. 

Bursting  pressures,  10. 
Dublin  waterworks,  10. 
Fixed  clear  of  walls,  135,  205. 
Lead,  9. 

Lead-encased  tin,  10. 
Leak  into  walls,  135. 
Soil,  119. 

Underground,  204. 
Weights,  10. 
Pitch  coating,  slate  cistern  joints, 
191. 

Plan  and  elevation  of  objects,  26. 
Of  skylight,  showing  flashings, 
78. 

Of  drains,  96. 
Plaster  of  Paris,  14. 
Platforms  under  cisterns,  191,  194. 
Plinth  bends,  133. 


Plugging  drains,  161. 

Ends  of  drains  when  testing, 
177. 

Plug  vent  pipes  when  testing  with 

smoke,  173. 
Plumbers  and  copper  bit  joints,  17. 

And  householders,  122. 

And  their  work,  86. 

Answerable  for  drains,  125. 

Derivation  of  name,  5. 

Irons,  2or. 

Mate  and  bellows,  20. 

Should  explain  to  carpenter,  68. 

Should  give  careful  reports  on 

sanitary  work,  170. 
Should  mark  position  of  rolls 

on  flat,  72. 
Should  not  advise  on  water 

purity,  185. 
Solder,  7. 

Take  pride  in  their  work,  64. 

Or  engineer  abused,  170. 

Should    be    responsible  for 
drains,  150. 
Plumbic  acetate  test  for  smells,  178. 
"Plumbing  practice,"  43,  95,  109, 

140,  174,  197. 
Plumbers  in  1859,  140. 

Methods  of  working  lead,  67. 

V.  Tinkers,  17. 

Who  copy  tinkers,  17. 

Work,  setting  out,  45. 

Wrongly  accused,  197. 
Plum-bob,  133. 
Plumbum,  5. 
Pocket  to  catch  silt,  95. 
Pointing  brick-work  of  manholes, 
162. 

Flashings,  54. 
Polluted  water  in  brooks,  94. 
Pollution  of  water,  185. 
Poor  fixing  of  pipe  on  roof,  138. 
Portland  cement,  13. 

Expansion,  13. 

For  drain  joints,  156. 

Joints  to  iron  pipes,  158. 

Wash  for  cisterns,  191. 

Wash  for  iron  pipes,  124. 

Wash  inside  cisterns,  13. 
Position  of  cistern  overflow,  189. 

Drain  connection  to  sewer,  169 

Flushing  tanks  to  drains,  181. 

Cisterns,  187. 

Cistern  stay-rods,  194,  195. 
Grease  trap,  110. 
Service  pipes,  206. 
Soil  pipes,  125. 
Stop  cocks,  205,  212. 
Trap  vent  pipes,  145,  146. 
W.C.'s,  125. 
W.C.  traps,  48. 
Pot  metal,  8. 

Potatoes  used  when  drain  testing, 
171. 

Pouring  stick,  200. 
Practice  of  sheet  lead  casting,  11. 
Precautions  to  be  taken  when  cover- 
ing finials,  62. 

To  take  when  testing  drains, 
175- 
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Precautions  when  applying  smoke 
tests,  174. 
When  using  burning  machine, 

19- 

Preparing  branch  joints,  15. 
Joints,  207. 

Joints  in  walls  for  flashings,  53. 

Lead  seams  for  burning,  22. 

Roofs  for  lead,  51. 
Preparation  of  lead  ores,  5. 
Pressure  of  air,  220. 

The  atmosphere,  220. 

Water,  193,  194. 
Pride  of  plumbers,  64. 
Privies  and  wells,  185. 
Privy  leaks  into  well,  184. 
Process  of  casting  sheet  lead,  11. 
Professor  Frankland  on  lead  pipes, 
10. 

Proportions  of  soil  pipes,  119. 
Protecting  cisterns  from  frost,  &c., 
188. 

Flushing  tanks  from  frost,  181. 

Pipes  from  frost,  205. 
Protractor,  how  to  make,  26. 
Pure  lead  for  burning,  22. 
Purity  of  water,  185. 
Putrid  contents  of  traps,  115. 
Putty,  12. 

Putty  joint  of  pipe  to  roof,  133. 

Q 

Quantities,  bill  of,  77. 

Quantity  of  water  required  in  a 

house,  186. 
Queen-post  roof,  64. 
Quick  setting  cement,  13. 
Quivering  of  ground  breaks  pipes, 

204. 

R 

Racks  in  roof  gutters,  85. 

Rain  blown  under  slates  during 

high  wind,  62. 
Rainfall,  187. 

Rain  pipes  discharge  over  gratmgs, 
93- 

Rain  water  aeration,  98. 

And  what  becomes  of  it,  184. 
Butts,  96. 

Cisterns  in  roofs,  96. 
Collecting,  187. 
Drainage,  94. 
Drains,  choke,  95. 
Filtration,  97. 
Gratings,  92. 
Heads,  86. 
In  sewers,  94. 
Into  sewage  drains,  152. 
Leaders,  gi. 

Of  little  use  for  drain  flushing, 

179. 
Pipes,  86. 

Pipes  as  drain  ventilators,  92. 
Pipes  as  ventilators,  140. 
Pipes  fixed  clear  of  house  walls, 
91.  135- 


Rain  water  pipes  intercepted,  93. 
Pipe  joints,  91. 
Separator,  97. 
Storage,  187. 
Storing,  97,  184. 
Shoes,  93. 

Tank   overflow   connected  to 
sewage  drains,  174. 

Tank  overflows,  96. 

Tanks  in  dirty  condition,  96. 

Tanks  underground,  96. 

To  flush  drains,  93. 
Raising  water,  187. 
Range  of  traps  for  W.C.'s,  49. 

Of  wash  basins  set  out,  45. 
Raking  inlets  to  traps,  loi. 
Rats,  and  traps,  loi. 

In  drains,  155. 

In  sewers,  104. 
Recharge  trap  after  syphonage,  118. 
Rectangular  R.W.  pipes,  90. 
Red  lead,  4. 

Cement,  12. 
Reduced  water  ways  to  traps,  103. 
Relative  capacity  of  drains,  153. 
Rendering  manholes,  162. 
Repairs,  cost  of,  122. 
Resin,  8. 

Reservoir,  fish  in,  98. 
Responsibility  divided,  125. 
Results  of  compressed  air  in  drains, 
152. 

Of    examinations    made  by 
incompetent  persons,  170. 

On  long  soil  pipes,  143. 

When  testing  with  smoke  are 
visible,  172. 
Retesting  drains,  158. 
Reverberatory  furnace,  5. 
Reversed  action  ball  valves,  180. 
Ridge  rolls,  54. 

To  skylight,  75. 
Rigidly  fixing  lead  on  roofs,  51. 
Rising  mains,  202. 
Rivers  Pollution  Act,  184. 
Road  grit  caught  in  gully  traps,  94. 
Roasting  lead  ores,  5. 
Rods  for  cleansing  drains,  160. 
Rod  holes  in  traps,  113. 
Roll  ends,  65. 

Cut  sloping,  65. 

How  to  work,  67. 
Rollers  under  iron  drains,  159. 
Rolls  in  lead  flats,  66. 

Seam  or  hollow,  70,  71. 
Roof  boards  curl  at  edges,  51. 

Cesspool,  76. 

Coverings   stripped    by  high 
winds,  61. 

Joint  to  vent  pipe,  130. 
Roofs,  drips  on,  52. 

Rubbish  on,  95. 

Terminals,  37. 
Room  specially  for  cisterns,  188. 
Roughness  inside  joints,  207. 
Round  pipe  trap,  113,  116. 
Rubbish  on  roofs,  95. 
Rule  for  calculating  length  of  roof 
hips,  28. 

For  cutting  out  sheet  lead,  30. 


Rule  for  finding  thickness  of  sheet 

lead,  12. 
Running  trap,  100. 
Rust  cement,  13. 

Not  good  for  coated  pipes,  13. 
Rust  in  iron  drains,  158. 

Soil  pipes,  122. 

Inside  iron  R.  W.  pipes,  95. 

S 

Safe  on  floor,  146. 

Overflow  pipes,  190. 

Under  cisterns,  190. 
Safety  valve  on  spirit  lamp,  16. 
Sand  in  drains,  no. 
Sandy  soil,  drains  laid  in,  155. 
Sanitary  engineers,  amateur,  100. 

And  sewers,  44. 

And  soil  pipes,  122. 
Scale  drawings,  26. 

Of  chords,  26. 
Scarcity  of  water  and  foul  drains, 
184. 

Scarlet  fever  and  dirty  water  pools, 
183. 

Scavengers,  94. 

Scoops  in  gully  traps,  94. 

Screw  caps  on  traps,  118. 

Scrubbing  cisterns  inside,  196. 

Sealed  solder,  8. 

Seam  rolls,  70,  71. 

Roll  ends,  70,  71. 
Secret  fixings  for  lead,  70. 
Slimy  matter  in  traps,  115. 
Slip  joints  to  R.  W.  pipes,  91. 
Slits  cut  in  lead  by  nails,  54. 
Slow  closing  valves,  215. 

Setting  iron  cement,  13. 
Sluice  attachment  to  disconnecting 

trap,  177. 
Small  body  to  trap,  102. 
Smells  from  vent  pipes  get  into 

house,  137. 
Smelting  lead  ores,  5. 
Smoke  forced  through  water  in 
traps,  174. 

From  sewage  drains  enters  R. 
W.  tank,  96. 

Prom  soil  pipe  joints,  123. 

Machine,  172,  173. 

Rockets,  172. 

Testing,  148. 

Testing,    precautions    to  be 
taken  when,  174. 

From  drains  passes  into  bed- 
rooms, 173. 

In  drains  catches  fire,  174. 

Test,  123. 
Smudge,  7,  i99- 
Snow  hoards  in  gutters,  85. 

Shovels,  85. 
Soap  curds  in  trap,  115. 

Traps,  115. 
Soakers,  79. 

Between  dormers.  83. 

On  hips,  57. 

How  fixed,  60. 

Their  sizes,  60. 
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Socket  pipe,  76,  88. 

Pipes,  how  to  set  out,  39,  40. 
Soil,  199. 

Soiling  cisterns,  199. 
Soil  pipe  apron,  130. 
Soil  pipes,  119. 

Air  compressed  in,  142. 

Air  flushing  of,  147. 

And  architects,  135. 

And  dummy  heads,  136. 

And  frost,  125. 

And  rooms,  125. 

And  sanitary  engineers.  122 

Water  test,  124. 

Astragals,  135 

Bends  in,  120,  130. 

Branch  joints,  121. 

Composite,  124. 

Cowls  on,  143. 

Fixed  externally,  133. 

Fixed  horizontal,  136. 

Fixing,  128. 

Fresh  air  inlet  to,  148. 

Friction  in,  120. 

Galvanised  iron,  123. 

Glass  lined,  125. 

Guard,  133. 

In  America,  125. 

Inside,  146. 

In  chases,  130. 

Joint  to  cornice,  134. 

Joints  to  drains,  125. 

Lengths,  9. 

Lead,  122. 

Materials,  122. 

Of  copper,  125. 

Positions  of,  125. 

Reduced  in  size  by  incrusta- 
tion, 120. 

Tacks,  129. 

Through  cisterns,  125. 
Through  string  course,  134. 
To  match  R.W.  pipes,  136. 
To  ventilate  drains,  167. 
Trap,  148. 

Trapped  at  foot,  147. 

3-inch,  120. 

2-inch,  119. 

2j-inch,  119. 

Ventilation,  139. 

Ventilation  in  1859,  139. 

Weights,  9. 

With  open  heads,  149. 

Zinc,  123. 
Soil  vent  pipes  as  R.W.  pipes,  140. 

Vent  pipe,  top  end,  137. 
Secret  gutter,  56,  59,  82. 

Their  advantage,  60. 
Secret  hips,  57. 

Tacks,  57,  65,  70,  80. 

Tacks  on  hips,  74. 

Tacks  on  soil  pipe,  136. 
Section  of  a  cone  on  ellipse,  43. 

Sewer,  43. 
Sections  of  rolls,  66. 
Sediment  in  cisterns,  185. 
Self-cleansing  traps,  114. 
Self-closing  cocks,  216,  217. 
Separate  system  of  drainage,  94, 
95- 


Serious  responsibility  of  engineer 
170. 

Service  pipes  air  bound,  204. 

Connections  to  cisterns,  190. 

Fixing,  205. 

Lengths,  9. 

Noise  in,  236. 
Set  offs,  130. 

Setting  out  bends,  39,  40. 
Elbows,  41. 

Lines  for  branch  soil  pipe,  48. 

Rolls  on  lead  flat,  72. 

Plumbers'  work,  45. 
Settlement  of  drains,  157. 
Sewage  and  R.W.  drains  in  same 
trench,  96. 

Drains  receive  rain  water,  152. 

Floods  basements  of  houses, 
170. 

Gases,  178. 

Gases  discolour  paint,  178. 

Gases  explode  in  trap,  100. 

Gases  explosive,  78. 

In  R.W.  tanks,  96. 

Used  for  laundry  purposes,  181. 
Sewer  air  forced  through  traps,  169. 
Sewers  and  rain  water,  94. 

Rats  in,  104. 

Shape  of,  43. 

Silt  in,  94. 

Ventilated,  94. 
Shape  of  branch  joints,  15. 

Sewers,  43. 

Traps,  106. 

Wood  rolls,  67. 
Shallow  well  water,  184. 
Sharp  bends  in  pipes,  15. 

Soil  pipes,  120. 
Shaving  lead  cisterns,  199. 
Shearing  motion,  80. 

Of  lead,  54,  72. 
Sheet  lead  casting,  11. 

Milling,  12. 
Shovels  for  snow,  85. 
Shrinkage  of  lead  on  cooling,  51. 
Slide  gutters  on  roofs,  61. 
Sight-holes,  165 
Silence  pipes,  190,  210. 
Single  welt,  72,  80. 
Silt  caught  in  pockets,  95. 
Sinks,  evils  of  enclosed,  214. 

Lead  expands  in,  51. 

Traps  for,  115. 
Sizes  of  air-inlets  to  drains,  167. 

Casting  frames,  11. 

Cistern  overflows,  189. 

Cisterns,  185,  186. 

D  trap.  III. 

Drains,  152. 

Discharge  pipes  to  automatic 

acting  tanks,  181. 
Drains  fordifferent  houses,  153. 
Drips,  52. 
Lead  on  roofs,  51. 
Lead  for  secret  gutters,  59. 
Lead  for  stepped  flashing,  52. 
Manholes,  160,  i6i. 
Pipes,  10. 
Reservoirs,  186. 
Rising  main  pipes,  202. 


Sizes  of  tacks,  89. 

Tacks  for  soil  pipes,  128. 
Traps,  99. 

Trap  vent  pipes,  144. 

Trap  vents,  142. 

Tubes  for  lead  burning,  20. 

Soakers,  60. 

Soil  pipes,  119,  120. 

Soil  pipes  compared,  119,  120. 

Stop  valves,  210. 

Vent  pipes,  140. 
Skylights,  condensation  under,  74. 

Flashing,  73,  74,  78. 

Gutters,  78. 

Ridge,  75. 

Soaker,  79. 
Slack  in  service  pipes,  204. 
Slates  laid  hollow,  59. 
Slate  cisterns,  191. 
Slated  roofs  and  capillary  attraction 
50. 

Slater  nail  through  lead,  58. 
Slates  kick  out,  80. 
Sleeper  walls  built  on  drains,  J59. 
Solder,  7. 

And  acids,  18. 
Soldered  dots,  64,  6g,  80,  81. 

Joints,  206. 

Joints  to  R.W.  pipes,  91. 
Solder,  hard,  22. 
For  brass,  22. 
Iron,  22. 

Heating,  methods  for,  15 
Soldering,  autogenous,  18. 
Cesspools,  76. 
Lamp,  16. 
Lead  cisterns,  200. 
Machine,  16. 

On  roofs  looks  patchy,  18. 

Theory  and  practice,  14. 

With  hand-lamp,  16. 
Special  boss  for  bib  cocks,  218. 
Specific  gravity  of  metals,  4. 
Speculating  builder,  150. 
Speculum  metal,  6. 
Spelter,  7,  22. 
Spence's  metal,  157. 
Spirit  lamp,  16. 
Splash  stick,  200. 

Spontaneous  combustion  of  cotton 

waste,  174. 
Springing,  59. 
Square  pipe  bends,  91. 

Elbow,  42. 

R.W.  pipes,  90. 
Squeamish  people,  148. 
S  trap,  113. 

Stable  gully  traps   flushed  auto- 
matically, 182. 

Standing  waste  in  cistern,  190. 

Statements    made    by  interested 
persons,  170. 

Staying  cisterns,  194. 

Stayrods  to  vent  pipe,  139. 

Steam  closes  air-inlet  valve,  168. 
In  drains,  iro,  149. 

Step  flashing,  how  to  measure  from 
plans,  28. 

Round  projection,  83. 

Stepped  flashings,  58. 
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Stone  drains,  154. 
Stoneware  cisterns,  191. 
Stop  cocks,  8,  210,  212. 

Protect  from  frost,  205. 

In  main  services,  205. 
Stoppages  in  R.W.  pipes,  91. 
Stoppers  in  trap  blown  out  by  air 
compression,  169. 

To  drain  traps,  100. 
Stop  valves,  210,  211. 

And  screw  ferrule,  204. 

Position  for,  212. 

Spoilt  by  plumbers  when  mak- 
ing joints,  212. 
Stop-watch  used  when  drain  testing. 

Storage  cisterns,  sizes  necessary, 
186. 

Storing  rain  water,  92,  96,  184,  187. 
Straightening  pipes,  23. 
Straight  screw  ferrule,  204. 
Street  gullies,  94. 

Refuse,  94. 
Strength  for  iron  soil  pipes,  124. 
Of  air  vessels,  222. 
Of  cast-iron  drains,  158. 
Of  lead  pipes,  10. 
String  course,  134. 
Student  plumbers  and  joints,  14. 
Should  sketch  illustrations,  25. 
Plumbers  and  their  cloths,  201. 
Sulphur  cement,  13. 
Sulphuretted  hydrogen,  178.- 
Sulphur  test,  172. 
Sunk  gutters,  85,  86. 
Sun's  rays  on  soil  pip>-s,  123. 
Supporting  lead  sides  of  cisterns, 

199,  200. 
Surface  water  traps,  109. 
Surveyors'  quantities,  76. 
Swan-neck  bend,  133. 
Sweating  of  pipes,  206. 
Sweeps  on  roofs,  130. 
Swift  running  streams,  184. 
Symons,  Mr.,  authority  on  rainfall, 
187. 

Syphonage,  141. 

Of  traps,  115. 
Syphon  trap,  100. 
Syphons,  traps  as  114. 

T 

Table  of  velocity   for  removing 

certain  matters,  151. 
Tacks,  55,  76,  89. 

At  ends  of  rolls,  67. 

Cast  lead,  129. 

Copper,  65. 

Face,  129. 

For  hollow  welts,  59. 

How  to  solder  to  pipes,  129. 

In  pairs,  129. 

On  hips,  56. 

On  pipes,  205. 

On  soil  pipes,  128. 

Secret  on  hips,  74. 

To  stepped  Hashings,  58. 

Tail  water  from  rain,  187. 


Tacks,  taking   out   quantities  on 

roofs,  75. 
Taking  the  tools,  53. 
Talc  valve,  148. 
Tapering  gutters,  84. 

Pipe,  how  to  cut  out,  33. 
Technical  schools  in  1859,  139- 
Tee  ends  on  vent  pipes,  143. 
Tenacity  of  metals,  3. 
Terminals  on  roofs,  37. 
Terra  cotta  drains,  155. 
Test  for  ammonia  gas,  178. 
Carbonic  acid  gas,  178. 
Sulphuretted  hydrogen,  178. 
Testing  bricks  for  manhole  con- 
struction, 161. 
Testing  drains,  170. 
In  sections,  177. 
With  water,  157. 
Manholes,  177. 

Portland  cement  for  expansion. 

Stoppers  for  drams,  157. 

Water  closets,  172. 

With     chemically  prepared 
papers,  178. 

With  essences,  171. 
Theory  and  practice,  120. 

Of  soldering,  14. 
Thickness  of  cast  lead,  11. 

Lead  for  cisterns,  197. 

Lead  for  soil  pipes,  124. 

Milled  lead,  12. 
Thoughtlessness  v.  Want  of  skill. 
Tide  flap,  104. 

Valve,  105. 
Tier  of  wash  basins,  how  to  set  out, 
46. 

Tile  and  a  half  better  than  slips,  59. 
Tiled  roof,  joint  to  vent  pipe,  132 
Tilting  piece,  59. 

Timbered  frames  for  cisterns,  195. 
Time  to  flush  a  W.C.,  iig- 

Work  down  a  roll  end,  67. 
Tin,  6. 

Tinkers  and  copper  bits,  17. 

V.  Plumbers,  17. 
Tin  plate,  4. 

To  cut  out  lead  for  an  elbow,  41. 

Lead  for  turrets,  32. 
To  get  air  out  of  branch  drains,  176. 
Tools,  23,  24. 

Marks,  66. 

Marks  on  lead,  23,  55. 
Tools  too  sharp,  68. 
Top  end  of  vent  pipe,  137. 
Tops  of  turrets,  63. 

To  dormer,  81. 
Torus  roll,  62. 
Touch,  7. 

Traffic  over  drains,  159. 

Over,  injures  lead  on  roofs,  66. 
Trap,  air-inlct  valve  for,  118. 

Anti-D,  113,  n6. 

Bell,  109. 

Bottle,  115. 

Combination,  105. 

D,  III,  115- 

Deep  seal,  116. 

Door  on  slated  roof,  78. 


Trap,  distorted,  114. 

Door  on  lead  roof,  73. 
Gases  ignite  inside,  116. 
Gratings,  108. 

In  R.W.  tank  overflow  useless, 
96. 

Mansion,  112. 
Mercury  seal,  118. 
On  cleaning,  no. 
P,  113- 

Round  pipe,  113,  116. 
S,  113. 

Traps  and  evaporation,  115. 
And  rats,  loi. 
And  syphonage,  114. 
And  water  evaporation,  146. 
Back  pressure  in,  117. 
Bad  air  from,  147. 
Capacity  of,  100. 
Double,  107. 
Double-dip,  106. 
Emptied  by  capillary  attrac- 
tion, 50. 
Fixed  loosely,  109. 
For  baths,  115. 

Forced  by  compressed  air,  94. 
For  grease,  no. 
For  sinks,  115. 
For  surface  water,  log. 
For  W.C.,  III. 
For  W.H.B's.,  115. 
Traps,  gully,  105. 

Hand-made,  114,  115. 
How  to  choose,  109. 
Improved  by  master  plumber 
112. 

In  garden  paths,  95. 
Interceptor,  105. 
In  two  pieces,  108. 
Introduction  of,  113. 
Mechanical,  1 16. 
North  of  England,  113. 
Objectionable,  106. 
Offensive  surroundings,  108. 
Of  iron,  no. 
Putrid  contents,  115. 
Recharged    after  syphonage 
n8. 

Self-cleansing,  114. 
Shape  of,  106. 
Size  of,  99. 
Soap,  115. 
Use  of,  99. 

With  balls  inside,  117. 

With  channels,  103. 

With  hinged  valves,  116. 

With  removable  lining,  no. 

With  rod  holes,  103. 

With  screw  caps,  118. 

With  reduced  waterways,  103. 

Without  bases,  loi. 

Syphonage,  141. 

Syphonage  of,  115. 

To  keep  back  sewage  104. 

Treble  dip,  107. 

U  shaped,  100. 

Valve,  104. 

V  dip,  112. 

Ventilation,  142,  144. 

Vent  pipes,  sizes  of,  144- 
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Traps  with  cascade  inlet,  102. 

With  hopper,  108. 

With  inlet  arms,  108. 

With  lip,  102. 

Without  water,  174. 

With  pipe  shaft,  102. 

With  small  body,  102 
Trapping  drains,  168. 

Soil  pipes,  147. 
Treble-dip  trap,  107. 
Treble  welt,  72. 
Tree  roots  and  drains,  157. 
Trees,  effect  on  drains,  158. 

Rock  and  break  drains,  158. 
Trenches,  pipes  in,  204. 
Trimming  intersections,  68. 

Roll  ends,  67. 
Trumpet  waste  in  cistern,  190. 
Turret  aprons,  33. 
Turrets  and  spires,  32  to  35. 

u 

Undercloaks,  66. 
Underground  pipes,  204. 

R.W.  tanks,  96. 
Unions  on  stop  valves,  21  r. 
Unsuitable  positions  for  cisterns, 

187,  188. 
Use  of  tacks  on  roofs,  55. 

Traps,  99. 

Leaky  taps,  186. 
Uses  for  disconnection  traps,  168. 
Useless  welts,  58. 
Uses  of  lead,  6. 

Stop  cocks,  213. 

Tin,  6.  > 

Vent  pipes,  140. 

Water,  183. 

Zinc,  6. 
U  shaped  trap,  100. 

V 

Valves,  ball,  209. 

For  drains,  169. 

Frosted,  213. 

Stop,  210,  211. 

Trap,  104. 
Valve   W.C.'s,   best   for  flushing 

drains,  147. 
Vanes  on  turrets,  63. 
Various  kinds  of  drain  pipes,  154 
to  160. 

Traps,  99. 
V  dip  trap,  112. 

Various    methods    for  plugging 
drains,  177. 
Tests  for  drains  in  an  emer- 
gency, 174. 
Ways  for  covering  ridge  rolls, 
.54- 

Velocity  of  discharge  from  drains, 
151. 

Of  water  for  certain  purposes, 
151- 

Ventilated  sewers,  94. 


Ventilation,  not  an  exact  science. 

137- 
Of  drains,  166. 
Of  soil  pipes,  139. 
Of  traps,  142. 

Of  W.C.  traps,  143,  144,  145. 

Pipes  weights,  9. 
Ventilating  manholes,  166. 

Openings  on  roofs,  137. 

Pipes,  uses  of,  140. 
Vent  pipe,  copper,  139. 

Joint  to  roof,  131. 

And  birds,  143. 

On  roofs,  137. 

Perforated  ends,  143. 

Sizes  of,  140. 

To  stop  valves,  211. 

With  tee  ends,  143. 
Vibration  of  water  in  traps,  144. 

When  testing  drains,  176. 
Village  blacksmith  as  a  plumber,  17. 
Vitrified  stoneware  drains,  155. 
Vitriol  chambers,  18. 
Voltaic  action,  5,  13,  54,  69,  89,  208. 

In  cistern,  192. 

In  iron  drains,  159. 

w 

Wall  hooks,  205. 

For  feing  flashings,  53. 
Walls  disfigured  by  R.W.  pipes,  91. 
Want  of  skill  v.  thoughtlessness,  69. 
Warm  water  for  flushing  W.C,  120. 
Wash  basin  and  waste  water,  179. 

How  to  set  out  a  range,  45. 

How  to  set  out  a  tier,  46. 

Odors  round,  14. 
Waste  pipe  into  interceptor,  47. 

Connected  to  gully  traps,  95. 

Empty  over  grating,  108. 

Into  open  head,  150. 
Waste  preventing  valves,  217. 
Waste  water  collected  in  flushing 
tank,  179. 

Drains  empty  into  R.W.  tank, 
96. 

To  flush  drains,  179. 
Water  after  a  long  storage,  187. 

Amount  necessary   per  head, 
183. 

Closet  traps,  1 1 1. 
Composition,  7. 
Contaminated  with  lead  cement 
13- 

Dripping  into  cistern,  190. 
Evaporates  out  of  traps,  95. 
Waterfalls,  184. 

Water  from  cultivated  land,  184. 
From  farm  buildings  pumped 

into  house  cistern,  184. 
Hammer,  215. 
Hammer  in  pipes,  H19. 
Hammer  in  W.C.  service  pipes, 

223. 

In  cistern  fouled  with  slops, 

188. 
In  lakes,  184. 
Gets  in  at  roll  ends,  65. 


Water  groove,  65,  68,  74. 
Grooves,  53,  68,  69. 
Line  in  stepped  flashing,  58. 
Necessary,  183. 

Not  used  to  the  best  advantage, 
179. 

Passes  between  laps  in  lead,  52. 
Physical  properties  of,  193. 
Pipes  and  condensation,  206. 
Pipes  injured  by  nails,  206. 
Pollution,  185. 
Pressure,  193,  194,  219. 
Pushed  out  of  traps,  169. 
Reservoir  at  side  of  trap,  1 1 8. 
Supply,  186. 
Supply  to  houses,  183. 
Test,  155. 

Test  for  soil  pipes,  124. 
Test  to  drains,  175. 
Traps  and  W.C.'s,  114. 
Used  by  servants,  186. 
Waste,  186. 

Waved  out  of  traps  by  smoke 

machme,  174. 
Waving-out  of  water  in  traps, 

144. 

W.C.'s  and  cisterns,  185. 

Slops,  119. 

Water  traps,  114. 
W.C,  cement  for,  12. 

Disconnected  from  soil  pipe, 
149. 

Flushed  with  warm  water,  120. 
Out  of  centre,  50. 
Positions  of,  125. 
Trap,  how  to  set  out,  48. 
Traps,  position,  48. 
Traps  V.  Flap- valves,  114. 
With  cistern  over,  188. 
With  poor  water  supply,  179. 
Weak  places  in  cistern  construction, 
196. 

Points  about  drips  on  flats,  68. 

In  soldered  joints,  206. 
Weather  vanes  on  turrets,  63. 
Weeping  pipe,  114. 
Weight  of  a  length  of  soil  pipe,  128. 

Lead  heads,  86. 

Milled-  lead,  12. 

Warning  pipes,  10. 
Weights  of  pipes,  10. 

Soil  pipes,  9. 
Well  close  to  a  privy  vault,  184. 

Pollution,  185. 
Welts,  58,  81. 

Made  useless  by  slater,  58,  60. 
What  becomes  of  rain  water,  184. 

Drain   ventilation  should  be, 
166. 

Is  house  sewage,  151. 
W.H.B.'s,  traps  for,  115. 
White  glazed  bricks,  161. 

Lead,  4. 
Why  D  trap  bad  kind,  iii. 
Width  of  boards  on  roofs  for  cover- 
ing with  lead,  51. 

Lead  under  slates,  84. 

W.C.  seats,  48. 
Wind  strips  roof  coverings,  61. 
Wiped  joints,  206. 
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Wiped  joints,  how  to  prepare,  14. 

Length  of,  14. 
Wiping  cloths  and  young  plumbers, 
201. 

Wire  R.  W.  gratings,  92. 
Wooden  fillets  for  lead  pipes,  205. 

Wedges  for  flashings,  53. 
Wood  nosing,  65. 

Rolls,  66. 
Woodwork  on  roofs,  for  covering 
with  lead,  51. 

Rotten  near  nails,  54. 
Working  drawing  for  range  of  wash 
basins,  45. 

For  tier  of  wash  basins,  46. 


Working  ends  to  welts,  72. 

To  scale,  26. 
Workmen's  tools  disfigure  lead,  202. 
Worthless  drain  certificates,  158. 

Tests,  171. 
Writer  when  a  journeyman,  112. 

Y 

Yarning  drain  joints,  156. 
"  You  are  finding  fault  with  every- 
thing," 170.  . 
Young  plumbers  and  their  cloths, 
201. 


Young  plumber's  first  work,  53. 
Mistakes,  68. 


Zinc,  6. 

Balls,  208. 

D  trap,  6,  123. 

For  lining  cisterns,  191. 

Roof,  joint  to  vent  pipe,  132. 

Soil  pipes,  6. 

Soil  pipe  in  larder,  123. 

Soil  vent  pipes,  6. 
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HEALTH  ACT,  1891. 


No.  OF 

Clause. 

Abatement  of  nuisance,  notice  requiring         . .  4 

Abatement  of  nuisance  order       . .        . .        . .  5 

Abate  nuisance,  summary  order  to        . .        . .  5 

Appeal  to  quarter  sessions  against  order         . .  6 
Closet,  penalty   for   injuring   so  as  to  cause 

nuisance..        ..        ..        ..        ..  15 

Closing  order  by  reason  of  nuisance      . .        . .  5 

Complaint  of  nuisance  liable  to  be  dealt  with 

summarily        . .        . .        . .        . .        . .  12 

Cost  and  expenses  may  be  recovered  in  county 

court      ..       ..        ..        ..        ..        ..  II 

Cost  of  execution   of  provisions   relating  to 

nuisances         . .        . .       . .       . .        . .  11 

Duty  of  sanitary  authority          . .        . .        . .  i 

Fine  on  dismissal  of  appeal  to  court  of  quarter 

sessions  . .        . .       , .       . .       . .        . .  6 

Fine  on  failing  to  comply  with  abatement  of 

nuisance  order  . .        . .        . .        . .        . .  5 

General  nuisances  . .        . .        . .        . .        . .  2 

In  certain  cases  order  may  be  addressed  to 

sanitary  authority      . .        . .        . .        . .  8 

Information  of  nuisances  to  sanitary  authorities  3 
Justice,  power  of  individual   to  complain  of 

nuisance  to       ..        ..       ..        ..        ..  12 

Manure,  power  to  sell       . .        . .        . .        . .  g 

Notice  requiring  abatement  of  nuisance          . .  4 

Nuisance  abatement  order          . .        . .        . .  5 

Nuisance  arises  without  district  . .        . .        . .  14 

Nuisance,  closing  order  by  reason  of     . .        . .  5 

Nuisance  order,  fine  on  failing  to  comply  with. .  5 

Nuisance,  order  to  prevent  recurrence  of  . .  5 
Nuisance,  sanitary  authority  may  be  authorised 

to  abate  . .        . .        . .        . .       . .        . .  6 

Nuisances  (general)          . .        . .       . .        . .  2 

Nuisances,   cost    of    execution    of  provision 

relating  to        . .        . .       . .        . .        . .  11 

On    non-compliance    with    notice    to  abate 

nuisance          . .       . .        . .        . .        . .  5 

Order  to  prevent  recurrence  of  nuisance         . .  5 
Overcrowding,  provision  in  case  of  two  convic- 
tions for  . .       . .       . .        . .       , .        . .  7 

Penalty  for  injuring  closet,  &c.,  so  as  to  cause  a 

nuisance  . .        . .       . .        . .        . .        . .  15 

Power  of  constable  or  authorised  person        ..  12 

Power  of  entry        . .        . .        . .        . .        . .  10 

Power  of  individual  to  complain  to  justice  of 

nuisances         . .        . .       . .        . .        . .  12 

Power  to   proceed  where  cause  of  nuisance 

arises  without  district. .       ..        ..        ..  14 

Power  to  sell  manure,  &c.  . .        . ,        . .        . .  g 

Proceedings  in  high  court   for  abatement  of 

nuisances         . .        . .        . .        . .        . .  13 

Prohibition  order  to  prevent   recurrence  of 

nuisance          . .        . .       . .        . .        . .  5 

Provision  as  to  appeal  against  an  order. .        ..  6 

Provision  in  case  of  two  convictions  for  over- 
crowding     . .           . .        . .       . .       . .  7 

Quarter  sessions,  appeal  against  order  . .       . .  6 

Reference  to  Public  Health  (1875)  Act  . .        . .  14 

Sanitary  authority,  duty  of         . .       . .       . .  1 

Sanitary  authority  have  a  right  to  enter  any 

premises..       ..       ..        ..        ..        ..  10 


No.  OF 

Clause. 

Sanitary  authority,  information  of  nuisances  to  3 
Sanitary  authority,  in  certain  cases  order  may 

be  addressed  to. .        ..        ..        ..       ..  8 

Sanitary  authority  may  be  authorised  to  abate  . 

nuisance . .        . .        . .       . .        . .        . .  6 

Sanitary  authority  may  sell  manure      . .        . .  g 

Summary  order  to  abate  nuisance         . .        . .  5 

Summary  recovery  of  fines  and  expenses        ..  11 

Penalties  in  Respect  of  Particular  Nuisances. 

As  to  the  closing  and  filling  up  of  cesspools  and 

privies    . .        . .        . .        . .        . .        . .  16 

Byelaws   by   sanitary   authority  and  County 
Council  as  to  cleansing  streets  and  preven- 
tion of  nuisances        . .        . .        . .       . .  16 

County  Council  shall  make  byelaws      . .        . .  16 

Covered  vehicles  for  removal  of  offensive  matters  16 

Duty  of  sanitary  authority  to  enforce  byelaws  16 

Nuisance  from  keeping  animals  . .        . .        . .  16 

Nuisances  from  offensive  matter  running  into 

any  uncovered  place  . .        . .        . .        . .  16 

Nuisances  from  snow,  ice,  &c.     . .        . .        . .  16 

On  the  times  for  the  removal  of  offensive  matters  16 

Paving  yards  and  open  spaces     . .        . .        . .  16 

Penalty  for  allowing  swine  to  stray       . .        . .  17 

Penalty  for  keeping  swine  in  unfit  places        . .  17 

Power  to  prohibit  keeping  animals  in  unfit  place  18 

Sand  in  streets  in  frosty  weather          . .        . .  16 

Straw  in  streets  during  illness     . .        . .        . .  16 

Stray  swine  to  be  seized  by  constable    . .        . .  17 

Swine  not  to  stray  in  public  place         . .        . .  17 

Offensive  Trades. 

Bye-laws  as  to  offensive  businesses  . .  . .  ig 
County  Council  make  bye-laws  for  regulating 

offensive  businesses     . .       . .        . .        . .  ig 

County  Council's  sanction  must  be  had  before 

establishing  an  offensive  business  ..  ..  ig 
Duty  of   sanitary    authority  to   complain  to 

justices  ..        ..        ..        ..        ..        ..  21 

Fee  for  license  for  cow  or  slaughter  house  . .  20 
Fine  for  disobeying  order,  offensive  businesses 

re-established   . .        . .        . .        . .        . .  ig 

Fine  for  nuisance  from  trade  premises  . .        . .  21 

Fines  for  carrying  on  certain  offensive  businesses  ig 

Keeping  cattle  in  unlicensed  premises    . .        . .  20 

List  of  offensive  businesses         . .        . .        . .  ig 

Licensing  cow-houses  and  slaughter-houses  ..  20 
Notice  of  intention  to  apply  for  license  for  cow 

and  slaughter-house   . .        . .        . .        . .  20 

Nuisance  created  by  sanitary  authority  dealing 

with  refuse       . .        . .        . .        . .        . .  22 

Offensive  businesses          . .        . .        . .        . .  ig 

Premises  used  by  sanitary  authority  for  dispos- 
ing of  refuse     . .        . .        . .        . .        . .  22 

Proceed  in  High  Court  against  offenders         . .  21 

Prohibition  of  establishing  anew  offensive  trades  ig 

Reference  to  Public  Health  Act,  1875    . .        . .  21 

Sanitary  authority  have  right  to  enter  slaughter 

houses    . .        . .        . .        . .        . .        . ■  20 

Soap  factory  . .       . .       . .       . .       •  •       . .  19 
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No.  or 
Clause. 


Smoke  Consumption. 


Any  chimney  (excepting   in   private  dwelling 
house)  a  nuisance,  if  sending  forth  black 
smoke     . .       ■  •       •  •       •  •       •  •       •  • 

Fines  for  not  consuming  smoke  . .       . .       ■  •  23 

Furnaces  and  steam  vessels  to  consume  their 

own  smoke       ..       ••       ••       •.■       •■  ^3 

Owner,  occupier,  or  foreman  of  premises  not 

consuming  smoke       . .       .  •    23 

Reference  to  City  of  London  Sewers  Act,  1851  23 
Reference  to  Whitechapel   Improvement  Act, 

1853   ••       ,••  ^3 

Steam  vessels  on  Thames  not  consuming  smoke  23 
Summary  proceedings  for  abatement  of  nuisance 

caused  by  smoke   24 

Workshops  and  Bakehouses. 
County  Council  to  make  bye-laws  for  conduct  of 

dairies   ••  •• 

Dairymen  to  be  registered  by  County  Council. .  28 

Drainage,  water  supply,  &c.,  in  dairies  . .        . .  28 

Enactments  respecting  bakehouses        . .       •  •  26 

Fines  for  offences  against  orders  by  dairymen  . .  2» 

Inspection  of  cattle  in  dairies   28 

Limewashing  and  washing  of  workshops         ..  25 
Notice  to  factory  inspector  respecting  child  or 

woman  in  workshop  '  •  •  ^7 

Orders  and  regulations  for  dairies  ..  ••  2» 
Reference  to  Factory  and  Workshop  Act,  1878 

and  1883   25 

Sanitary  authority  and  bakehouses       . .       .  •  20 

Removal  of  Refuse. 
Appeal  to  petty  sessions  as  to  what  constitutes 

trade  refuse      . .        •  •       •  •        •  •        ■  •  33 

Disposal  of  refuse  32 

Duty  of  sanitary  authority  to  clean  streets  . .  29 
Fine  for  asking  for  fee  or  gratuity  by  employee 

of  sanitary  authority  ^° 

Fine  for  collecting  house  refuse  by  unauthorised 

person    . .       •  •        •  •       •  •       •  •       ' "  34 

Fine  for  non-removal  of  stable  refuse  . .  •  •  3° 
Fine  for  sanitary  authority  not  keeping  streets 

clc3.n      ••  ••        *'        '*  *' 

Fine  if  sanitary  authority  fails  to  remove  house 

refuse     . .       •  •        •  •        •  •        V    ■.   "  ^° 

Footways  kept  cleansed  by  sanitary  authority . .  29 
Occupier  or  owner  not  liable  for  cleanliness  of 

footways  ,   "c"  u  " 

Occupier  to  serve  notice  for  removal  of  house 

refuse     ••  **        *'  *' 

Occupier  may  give  away  or  sell  house  refuse 

under  certain  conditions       . .       •  •       •  •  34 

Owners,  &c„  to  pay  for  removal  of  trade  refuse  33 

Owner  or  occupier  to  pay  for  removal  ot  hltli  . .  35 
Provisions  on  neglect  of  scavengers  to  remove 

dust       . .       •  •       •  •        •  •       •  ■    .    ■  ■  34 

Removal   of   filth  on  requisition  by  sanitary 

inspector  . .        •  •       • •        • •       ' '  35 

Removal  of  house  refuse    .  .       •  •    .    * '      d,"  '  L 

Removal  of  refuse  from  stables,  cow  houses,  &c.  3^ 

Sanitary  authority  to  empty  ash-pits,  &c.       .  •  3° 

Sanitary  authority  to  appoint  scavengers        •  •  3' 

Regulations  as  to  Water  Closets,  &c. 
\Kent,  servant,  or  workman  may  be  convicted 
for  bad  workmanship  to  W.C.  or  dram     . . 


42 


43 


No.  OF 
Clause. 

Appeal  to  County  Council  against  order  to  fill 

up  or  cover  ditch,  pond,  &c.  . .  •..  ..  43 
Appeal  to  County  Council  against  order  to  fix 

W.C  37 

Appeal    to    County    Council    against  order 

referring  to  W.C.       . .        . .        . .        •  •  4^ 

Bye-laws  as  to  W.C.'s,  &c   39 

Fine  for  erecting  public  convenience  without 

consent  of  sanitary  authority  ..       ..  45 

Fine  for  improper  construction  or  repair  to 

W.C.  or  drain   •  •  42 

Fine  for  injuring  sanitary  convenience  used  in 

common  . . 

..  46 

Fine  for  non-compliance  with  order  to  cover  or 

fill  up  ditch,  pond,  &c. 
Fine  for  non-compliance  with  order  to  make 

W.C,  &c.,  sanitary  4^ 

Fine  for  not  providing  W.C  37 

Fine  for  not  providing  W.C.  in  old  house        . .  37 
Fine  for  not  providing  W.C.'s  in  factories       . .  38 
Fines  for  destroying  sink,  trap,  &c.,  as  to  be 

injurious  to  health      ..       ..       ..       ••  4^ 

Fines  for  not  keeping  sanitary  convenience  used 

in  common,  clean       . .        . .        .  •        •  ■  4^ 

Improper  construction  or  repair  of  W.C.  or 

drain  42 

Mill,  right  of  use  of  water  . .       . .       •  •  43 

No  public  convenience  to  be  erected  without 

consent  of  sanitary  authority  . .       . .  45 

Not  lawful  to  build  house  without  W.C.  . .  37 
Obligations  to  provide  W.C.'s,  &c.        ..       ..  37 

Old  house  must  have  W.C.    37 

Owner  or  occupier  to  drain,  cleanse,  cover,  or 

fill  up  pond,  ditch,  &c.,  if  offensive  . .  43 
Penalty  on  persons  improperly  making  or  alter- 
ing W.C.'s    ■•  41 

Power   for    sanitary    authority   to  authorise 

examination  of  W.C.'s  ..       ..       •  •  4° 

Power  to  sanitary  authority  to  provide  public 

conveniences    . .        .  •        •  •        •  •        •  •  44 

Railway  companies  exemption  45 

Reference  to  Metropolis  Management  Act,  1855  43 
Regulations  as  to  public  sanitary  conveniences  45 
Sanitary  authority,  and  water  supply  to  W.C. . .  39 
Sanitary  authority  charge  for  use  of  public 

conveniences  erected  by  them        . .       •  •  45 
Sanitary  authority  may  open  drain  for  exami- 
nation    . .       •  •       •  •       ■  •  . 
Sanitary  authority  to  cause  offensive  ditches, 

drains,  &c.,  to  be  cleansed  or  covered  . .  43 
Sanitary  authority   to  serve  notice  to  repair 

W.C,  &c.  ..  ••  ••  .  ••  ••  41 
Sanitary  conveniences  for  manufactories,  <N:c.  . .  36 
Sanitary  conveniences  used  in  common. .  . .  46 
Separate  W.C.  accommodation   for  sexes  in 

factories   ••        '."  ,  .u-' 

W.C.  and  drains  not  in  accordance  with  this 

Act   

Unsound  Food. 
Fine  or  imprisonment  for  selling  unsound  food. . 
Fine  for  exposing  unsound  food  for  sale. .       •  • 
Inspection  and  destruction  of  unsound  "^eat  ftc. 
MeJlical  officer  of  health  may  enter  any  premises 

and  examine  food       •  •   

Punishment  fer  obstructing  officer        . . 
Punishment    for    second    oOence   for  selling 

unsound  food    .  ■ 
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No.  OF 

Clause. 

Sanitary  authority  to  remove  unsound  food  on 

application       . .       . .       . .        . .       . .  47 

Sanitary  inspector   may   enter  premises  and 

examine  food    . .       . .        . .        . .        . .  47 

Unsound  food  to  be  condemned  . .        . .        . .  47 

Provisions  as   to  Water. 
Appeal  to  petty  sessions  in  reference  to  house 

without  water  supply  . .        . .        . .        . .  48 

Cleansing  of  cisterns         . .        . .        . .        . .  50 

Fine  for  occupying  house  without  water  supply  48 
Fine  for  water  company  failing  to  give  notice  of 

cutting  off  water  supply        . .        . .        . .  49 

House  without  water  supply,  a  nuisance  . .  48 
Notice  to  sanitary  authority  of  water  supply  cut 

off    49 

Penalty  for  causing  water  to  be  corrupted  by 

gas  washings     . .        . .        . .        . .        . .  52 

Penalty  for  fouling  water  . .        . .        . .        . .  53 

Power  to  close  polluted  wells      . .        . .        . .  54 

Power  of  sanitary  authority  as  to  public  fountains  51 
Provisions  as  to  house  without  proper  water 

supply   48 

Punishment  for  damaging  public  wells,  pumps, 

&c.  ..        ..        ..        ..        ..  51 

Sanitary  authority  may  provide  public  wells,  &c.  51 
Water  company  to  give  notice    when  water 

supply  cut  off  . .        . .        . .        . .        . .  49 

Infectious  Diseases — Notification. 
Definition  of  infectious  diseases  . .        . .        . .  55 

Inlectious  diseases  defined  . .        . .        . .  55 

Non-disqualification  of  medical  officer  by  receipt 
of  fees 

Notification  of  infectious  diseases  in  houses, 

vessels,  tents,  vans,  sheds,  &c.       . .        . .  55 

Power  of  sanitary  authority  to  add  to  list  of 

infectious  diseases      . .        . .        . .        . .  56 

Infectious  Diseases — Prevention. 
Application  of  special  provisions  to  certain  in- 
fectious diseases 
Body  of  person  dying  of  infectious  disease  in 

liospital,  &c.,  to  be  removed  only  for  burial  73 
Cleansing  and  disinfecting  of  premises,  &c.  . ,  60 
Compensation  for  damage  when  disinfecting 

dwelling,  bedding,  &c.  ..        ..        ..  60 

Detention  of  infected  person   without  proper 

lodging  in  hospital      . .        . .        . .        . .  67 

Disinfection  of  bedding,  &c.       . .        . .       . .  61 

Disinfection  of  public  conveyances  if  used  for 

carrying  corpses  . .  . .  , ,  . .  74 
Fine  on  infected  person  carrying  on  business  . .  69 
Fine  on  retention  of  dead  body  in  certain  cases  72 
Fine  for  conveying  infected  person  in  public 

conveyance      . .        . .        . .        . .        . .  70 

Fine  for  refusing  medical  officer  to  inspect  dairy  71 
Fine  for  removing  infected  dead  body  from 

hospital  except  for  burial      . .       . .        . .  73 

Fine  for  throwing  infectious  matter  into  ashpit  O2 
Infectious  rubbish  thrown  into  ashpits,  &c.,  to 

be  disinfected   . .        . .        . .        . .       . .  62 

Innkeeper  and  infected  persons   . .       . .        . .  63 

Inspection  of  dairies  and  power  to  prohibit 

supply  of  milk  . .       ..        ..        ..        ..  71 

Penalty  on  ceasing  to  occupy  house  without 

disinfection,  &c.         . .       . .        . .       . .  65 

Penalty  on  exposure  of  infected  persons  and  things  68 
Penalty  on  letting  houses  in  which  infected 

persons  have  lived        . .  . .       . .  63 
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No.  OF 

Clause 

Penalty  on  persons  letting  houses  making  false 

statements  as  to  infectious  disease  . .        . .  64 

Penalty  for  not  disinfecting  public  conveyance 

after  carrying  corpse  . .        . .        . .        . .  74 

Prohibition  of  retention  of  dead  body  in  certain 

cases      . .        . .        . .        . .        . .        . .  72 

Prohibition  on  conveyance  of  infected  person  in 

public  conveyance      . .        . .        . .        . .  70 

Prohibition  on  infected   persons  carrying  on 

business  . .        . .        . .        . .       . .        . .  69 

Provision  of  means  for  disinfecting  bedding,  &c.  59 

Reference  to  Contagious  Diseases  Acts,  1878  to 

1886   71 

Removal  to  hospital  of  infected  persons  without 

proper  lodging  66 

Sanitary  authority  may  enter  premises  for  disin- 
fecting  60 

Sanitary  authority  may  make  bye-laws  for 
removing  infected  persons  from  vessels  to 
hospital  . .        . .        . .        . .        . .        . .  66 

Sanitary   authority   shall   provide  temporary 

shelter  when  disinfecting  dwelling  . .        . .  60 

Hospitals  and  Ambulances. 

Non-pauperisation  of  patients  receiving  public 

hospital  treatment      . .        . .        . .        . .  80 

Power  of  sanitary  authority  to  provide  hospitals  75 
Power  for  Metropolitan  Asylums  Board  to  pro- 
vide landing  places,  vessels,  ambulances,  &c.  79 
Power  to  provide  temporary  supply  of  medicine  77 
Provision  of  conveyance  for  infected  persons  . .  78 
Reception  into  hospital  in  metropolitan  district 

of  child  from  school  outside  London       . .  81 
Reception  of  non-pauper  fever  and  small-pox 

patients  into  hospital  in  metropolitan  district  80 
Recovery  of  cost  of  maintenance  of  non-infectious 

patient  in  hospital      . .        . .        . .        . .  76 

Prevention  of  Epidemic  Diseases. 

Local  Government  Board  may  combine  sanitary 

authorities  . .        . .  . .        . .  84 

Metropolitan   Asylum   Managers    or  sanitary 

authority  for  prevention  of  epidemic  diseases  85 

Petty  sessional  court  to  settle  fees  to  be  paid 

medical  officer  for  certain  duties     . .        . .  83 

Poor  law  medical  officers  entitled  to  costs  of 

attendance  on  board  vessels  . .        . .        . .  83 

Power  to  let  hospitals,  &c.  . .        . .        . .  86 

Public  Health  Act,  1875,  referred  to     . .        . .  82 

Repayments  to  sanitary  authorities  of  certain 

expenses  . .        . .        . .        . .        . .  87 

Sanitary  authority  to  execute  epidemic  regula- 
tions      . .        . .        . .        . .        . .        . .  82 

Mortuaries,  &c. 

Mortuary  for  unidentified  bodies. .        ..        ..  93 

Penalty  for  obstructing  order  of  justice  to  bury 

dead  body        . .        . .        . .        . .        . .  8g 

Place  for  holding  inquests. .        ..        ..        ..  92 

Power   of  justice   in  certain   cases  to  order 

removal  of  dead  body  to  mortuary  . .  Sg 

Power  of  local  authority  to  provide  mortuaries  88 
Power  of  sanitary  authority  to'  provide  places 

for  post  mortem  examinations        . .        . .  90 

Power  to  sanitary  authority  to  unite  for  provid- 
ing mortuary    . .        . .        . .        . .        . .  gi 

Relieving  officer  to  bury  dead  body  in  certain 

contingencies    . .        . .        . .       . .        . .  89 
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No.  oi' 
Clause. 

Byelaws  as  to  Houses  t.et  in  Lodgings. 
Common  Lodging-Houses  Act,  1854,  referred  to  94 
Power  of  sanitary  authority  to  make  byelaws  as 

to  lodging-houses   94 

Tents  and  Vans. 

Overcrowded  tents,  vans,  &c   95 

Sanitary  authority  may  make  byelaws  for  tents, 

vans,  &c.,  used  for  human  habitation        . .  95 

Tents  and  vans  used  for  human  habitation      . .  95 

Underground  Rooms. 

Enforcement  of  provisions  as  to  underground 
rooms     ..        ..       ••       ••       ••  'j 

Penalty   for   letting    unsuitable  underground 

rooms  as  dwellings  •  96 

Provisions  as  to  the  occupation  of  underground 

rooms  as  dwellings     . .   9^ 

Provision  in  case  of  two  convictions  for  unlaw- 
fully occupying  underground  room  . .        . .  98 

Underground  room  defined   96 

Underground  rooms  used  as  dwellings  must  have 

fire-place,  and  sanitary  conveniences       . .  96 

Authorities  for  Execution  of  Act. 
Application  of  Public  Health  Acts  to  Woolwich  102 
Appointment  of  medical  officers  of  health       . .  106 
Appointment  of  sanitary  inspectors       . .        . .  107 
County  Council  may  borrow  money  and  execute 

work  in  default  of  sanitary  authority        . .    10 r 

Definition  of  sanitary  authority  99 

Duties  of  sanitary  inspectors   107 

Expenses  of  execution  of  Act  . .  . .  •  •  io3 
Expenses  of  Metropolitan  Asylum  Board         . .  104 

Jurisdiction  as  to  ships  

Metropolitan  Poor  Act,  1867,  referred  to  ..  104 
One  half  of  medical  officer's  and  sanitary  m- 

spector's  salary  to  be  paid  by  County  Council  108 
Power  of  County  Council  to  prosecute  on  default 
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BOYLE'S   PATENT  ,self.aot,ng, 

AIR-PUMP  VENTILATOR. 

(LATEST    IMPROVED  FORM.) 

50  PER  CENT.   REDUCTION   IN  PRICE. 

The  most  Powerful  Exhaust  and  CHEAPEST  VENTILATOR  IN  THE  MARKET. 
IMPERVIOUS  TO  WET  AND  DOWN-DRAOCHT. 


Strongly   made   of  the    Best   Steel,  Galvanised, 
AMD   Finest  Workmanship. 


Soil  Pipe  Ventilator. 


Drain  OR  Sewer  Ventilator, 


CAUTION  TO  ARCHITECTS. 


FRAUDULENT  SUBSTITUTION. 


Having  received  complaints  alleging  tlie  failure  in  certain  cases  of 
the  Air-Pump  Ventilator,  upon  examination  being  made  it  was 
found  in  every  instance  that  the  contractor  had  substituted  (to 
secure  a  greater  profit  to  himself)  a  cheap  and  inferior  Ventilator, 
resembling,  in  outward  appearance,  the  Air-Pump  Ventilator  which 
had  been  specified  to  be  used. 

It  is  respectfully  requested  that,  in  specifying  the  Ventilator,  the 
words  "BOYLE'S  LATEST  IMPROVED  PATENT  AIR-PUMP 
VENTILATOR"  be  used. 


Awarded  the  £50  Prize  (only  Prize  offered)  at  the 
International  Ventilation  Competition,  London. 


R  E  PORTS. 


Ventilator  for  Buildings. 


ALFRED   WATERHOUSE,  Esq.,  R.A.,  Anhitcct.- 
Dnke  of  Vv'estminster's  house." 

SIR 


"  I  am  glad  to  hear  good  reports  of  your  Cowls  fixed  at  the 


SIR 


ARTHUR  W.  BLOMFIELD,  A.R.A.,  Architect.^"  l  have  used  the  Air-Pump  Ventilator  of  Messrs 
Robert  Boyle  and  Son  with  satisfactory  results.  I  believe  the  system  to  be  a  sound  and  good  one,  and  capable  of  varied 
application  with  success." 

WILLIAM  THOMSON  (LORD  KELVIN),  F.R.S._"I  have  seen  several  diflerent  forms  of  Mr 
Boyle's  Air-Pump  Ventilator  in  actual  operation,  and  have  much  pleasure  in  testifying  to  their  efficiency.  They  thoroughly 
realise  the  favourable  anticipations  which  I  formed  from  experiments  on  models  shown  to  me  by  Mr.  Boyle." 

DR.  B.   W.   RICHARDSON,   F.R.S._" since  these  excellent  Ventilators  have  been  introduced,  we  have  now  got  a 
perfect  method  of  ventilation.  ^ 

BALDWItN  LATHAM,  Esq.,  C.E.  (Aitthnr  of  "Sanitary  Engineering;'  etc.,  etc.).-'' As  an  exhausting  Cowl 
Boyle's  Air-Pump  Ventilators  are  well  adapted  for  fixing  on  the  top  of  a  soil  pipe,  or  in  any  position  in  which  exhaustion 
produced  by  an  induced  current  is  of  value.  The  arrangement  is  extremely  siinple,  and  a  continuous  current  is  set  up 
through  the  Ventilator." 

Extract  from  Report  .of  H  .M .  Chief  Inspector  of  Factories  and  Workshops,  presented  to  both  Houses  of  Parliament  by 
Command  of  Her  Majesty,  accompanied  by  Draivings  of  the  "  Self-Acting  Air-Pump  Ventilator." 

"MR.  BOYLE'S  COMPLETE  SUCCESS  IN  SECURING  THE  REQUIRED  CONTINUOUS  UPWARD  IMPULSE  IS  TESTIFIED  TO 
BY  HIGH  AUTHORITIES*" 


ROBT.  BOYLE  &  SON,  L"^?:'  tMilatmj  (Bngmms, 

64,  Holborn  Uiaduct,  London  ;  and  110,  Bothwell  Street,  Glasgow. 


CATALOGUES,    PRICE    LISTS,  &c.,  sent  Post  Free  on  Application. 
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I  Vol.  Roy.  «vo.,  392  pp.,  15s.,  post  paid. 


Hot-Water 

HEATING  AND  FITTING. 

BY 

William  J.  Baldwin,  M.E. 

A    TREATISE  on  the  practice  of  warming  by  HOT-WATER,  with  modern 
A       methods,  described  and  explained.    The  book  ^^J^'^'ZuZT^  of  Tnl 
matter  on  this  subject  which  has  appeared  m   the  columns  .^he 
ENGiNEErNG  &  BuIZpikg  RECORD,  together  with  a  large  amount  of  additional 
original  data. 

Among  the  questions  treated  are  the  following  :— 


The  cause  of  the  circulation  of  the  water  withia 

heating  apparatus. 
'  Motions  explained  by  the  use  of  diagrams. 

How  to  find  the  velocity  of  the  flow  of  water  in 
pipes  of  an  apparatus.  . 

Simple  forumlaa  explaining  the  laws  which  govern 
the  flow  of  water  in  an  apparatus. 

Diagrams  showing  the  co-efficients  of  the  curve 
of  the  expansion  of  the  water. 

Diagram  showing  the  velocity  of  water  in  teet 
per  second  when  the  height  from  which  it 
flows  is  known.  .  . 

The  use  of  the  diagrams  in  estimating  the  flow 
of  the  water  through  the  apparatus. 

Table  of  the  quantity  of  water  in  U.S.  gallons  ot 
the  water  that  will  pass  through  pipes  ot  a 
given  diameter.  ...  r 

Table  giving  the  friction  loss  m  inches  of  the 
water  head  for  each  ten  feet  of  length  of 
different  sizes  of  clean  iron  pipes  discharg- 
ing given  quantities  of  water  per  minute. 

The  loss  of  head  by  friction  and  resistance  ot 
elbows. 

Saving  by  long  radius  elbows. 
Saving-  by  smooth  elbows. 

Resistance  caused  to  the  flow  of  water  by  elbows 

and  retnrn  bends.  . 
Resistance  caused  by  valves,  etc.,  and  how  it 

may  be  made  less. 
How  to  find  the  flow  of  watei  through  main 

pipes  of  an  apparatus. 
To  find  the  quantity  of  water  that  will  pass  in 

U.S.  gallon  when  the  total  head  is  known. 
To  find  the  diameter  of  a  pipe  for  a  given 

discharge  of  water. 
To  find  the    discharge  of  pipes    for  given 

diameters. 

Experiments  of  Tredgold  and  Hood  in  warm- 
ing surface. 


How  to  compute  radiating  surfaces. 
Experiments    of    modern     investigators  on 
radiators.  ^  »    v  u 

How  to  find  the  amount  of  water  that  should 

pass  through  a  radiator  to  do  certain  duty. 
How  to  determine  the  size  of  inlet  and  outlet 
to  hot-water  radiators.  .  .  u    1  j 

How  to  estimate  the  quantity  of  water  that  should 
pass  through  a  radiator  for  aloss  of  lodegrees. 
Diagram  giving  the  diameter  of  flow  and  return 
pipes  when  radiating  surface  and  the  length 
of  the  pipes  are  known.  .u. 
Experiments  illustrating  use  of  diagram  in  tne 

piping  of  building.  ..   v  .  i 

The  diflerent  systems  of  mains  used  in  hot-water 

heating. 
Treatment  of  single  circuits. 
Branch  circuits. 

Compound  circuits.  •  j- 

How  to  proportion  the  apparatus  for  indirect 

heating.  ,  , 

Heat  given  oft  per  square  foot  of  surface. 
Loss  of  heat  through  walls  and  windows  of  a 

room.  ,  ., 

Heat  lost  by  ventilation—  how  to  consider  it. 
How  to  find  heating  surface  of  a  room  warmed 

by  indirect  radiation. 
Comparative  experiments  with  hot-water  coils. 
Diagram  of  sizes  of  main  pipes  for  indirect 

radiation.  ... 
Examples  of  buildings  warmed  by  hot-water. 
Boilers  used  in  hot-water  apparatus. 
Direct  and  indirect  radiators  used  in  hot-water 

Explnsfon'tanks  and  how  they  should  be  used. 

Special  fittings  for  hot-water  apparatus. 

How  to  conduct  experiments  of  testing  the 

efficiency  of  hot-water  radiators. 
How  to  control  fires  by  the  heat  of  water. 


Ig  suriacc.    r  •  f 

The  whole  containing  a  large  amount  of  practical  and  useful  information  of 
great  value  to  the  Engineer,  Architect,  Mechanic  and  Householder. 
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And  GREAT  NORTHERN  GOODS  STATION,  KING'S  CROSS,  N. 


THE  PRINCIPLES 

OF 

Ventilation  and  Heating 

AND 

THEIR   PRACTICAL  APPLICATION. 


BY 


JOHN 


BILLINGS,  M.D.,  LL.D. 
Surgeon  U.S.  Army. 


(Edinb.), 


PROFUSELY  ILLUSTRATED. 


This  interesting  and  valuable  series 
of  papers,  originally  published  in  The 
Sanitary  Engineer,  have  been  re- 
arranged and  re-written,  with  the  ad- 
dition of  new  matter. 

The  volume  is  published  m  response 
to  the  general  demand  that  these  im- 
portant papers  should  be  issued  in  a 
more  convenient  and  permanent  lorm, 
and  also  because  almost  all  the  reliable 
literature  on  this  subject  has  been  fur- 
nished by  English  Authors,  and  written 
with  reference  to  the  chmate  of  Eng- 
land, which  is  more  uniform  and  ha^  a 
hieher  proportion  of  moisture.  The 
need  of  a  book  based  upon  the  con- 
ditions of  the  American  climate  is 
therefore  apparent. 

The  following  will  indicate  the 
character  of  the  subject-matter  ; 

Expense  of  Ventilation— Difference 
Between  "Perfect"  and  Ordinary 
Ventilation  -  Relations  of  Carbonic 
Acid  to  the  Subject— Methods  of  Test- 
ing Ventilation. 

Heat,  and  some  of  the  Laws  which 
govern  its  Production  and  Communi- 
cation—Movements of  Heated  Air- 
Movements  of  Air  in  Flues— Shapes 
and  Sizes  of  Flues  and  Chimneys 

Amount  of  Air-Supply  Required- 
Cubic  Space. 

Methods  of  Heating:  Stoves,  Fur- 
naces, Fire-Places,  Steam  and  Ho.- 

Water.  .,    .  ^„ 

Scheduling  for  Ventilation  Plans- 
Position  of   Flues    and  Registers- 


Means  of  Removing  Dust — Moisture, 
and  Plans  for  Supplying  It. 

Patent  Systems  for  Ventilation  and 
Heating— The  Ruttan  System— Fire- 
Places — Stoves. 

Chimney-Caps — Ventilators  —  Cowls 
— Syphons — Forms  of  Inlets. 

Ventilation  of  Halls  of  Audience- 
Fifth  Avenue  Presbyterian  Church — 
The  Houses  of  Parliament— The  Hall 
of  the  House  of  Representatives. 

Theatres— The  Grand  Opera-House 
at  Vienna  —  The  Opera-House  at 
Frankfort-on-the-Main  —  The  Metro- 
politan Opera-House,  New  York— The 
Madison  Square  Theatre,  New  York— 
The  Criterion  Theatre,  London— The 
Academy  of  Music,  Baltimore. 
Schools. 

Ventilation  of  Hospitals — St.  Peters- 
burgh  Hospital— Hospitals  for  Conta- 
gious Diseases— The  Barnes  Hospital 
—The  New  York  Hospital— The  Johns 
Hopkins  Hospital. 

Forced  Ventilation —  Aspirating- 
Shafts  —  Gas-jets  —  Steam  Heat  for 
Aspiration— Prof.  Trowbridge's  For- 
mula-Application in  the  Library 
Building  of  Columbia  College— Ven- 
tilating-Fans— Mixing- Valves. 

The  book  is  free  from  unnecesssiry 
technicalities,  and  is  not  burdened  with 
scientific  formulae. 

It  is  invaluable  to  Architects,  Physi- 
cians, Builders,  Plumbers,  and  those 
who  contemplate  building  or  re-model- 
ing their  houses. 


Large  Svo.    Handsomely  Bound  in  Cloth.    Price  15s.    Postage  Paid. 
Address:  Book  Department, 

THE  ENGINEERING  AND  BUILDING  RECORD. 

92  and  93,  Fleet  Street.  London. 


i2mo.    143  pp.    2S,  6d. 


Healthy 

Foundations 

FOR 

Houses 

BY 

GLEM  BROWN,  A.A.I.A, 


WITH  51  ILLUSTRATIONS 


Reprinted  from  the  "Sanitary 
Engineer." 


SENT  POST  PAID  ON  RECEIPT  OF  PRICE. 


Address — 

Book  Department, 
R.  J.  Bush, 
92  &  93,  Fleet  Street,  London. 


THE  BOOK  DEPARTMENT 

Is  prepared  to  fill 

TECH-  orders  for  Books 

NICAL 

iiiuni-  Engineers, 
BOOKS  Architects, 
Contractors,  &c. 


Books  sent,  post  paid,  on  receipt 
of  price. 


Address — Book  Department 

Mr.  R.  J.  Bush, 
92  &  93,  Fleet  Street,  London,  E.G. 


8vo.   Cloth,  ICS. 


SOME  DETAILS 

WATER-WORKS 
CONSTRUCTION. 

BY 

Williams  R.  Billings, 

Late  Superintnndent  Taunton 
Waterworks. 


Illustrated. 


SENT  POST  PAID  ON  RECEIPT  OF  PRICE. 

A  ddress — • 
ENGINEERING  RECORD, 
92  &  93,  Fleet  Street,  E.C. 


Sole  7V\,0'""fO'Oturers- 


The  meadow  FOUNDRY  COMPANY,  Ltd 


Latest  Improvements, 


IsTOTTS. 

ill!!!! 


FOR  Hot  Water  or  Steam. 


Great  Reduction. 

Liberal  Discount. 

VALVES. 


N?55 


Nos.  54  and  55. 

2  in.  5/6 

3  „  71- 

4  „  8/6 


M'SSC 

Nos.  54A  and  55c. 

2  In.  8/- 

3  „  12/6 

4  „      14  ■ 


SOME  DETAILS 


OF 


WATER-WORKS  CONSTRUCTION, 

By  W.  R.  BILLINGS, 
Superintendent  of  Water-works,  at  Taunton,  Mass. 

WITH 

Illustrations  from  Sketches  by  the  Author. 


Introductory  Note. 


Some  questions  addressed  to  the  Editor  of  The  Engineering  and  Building 
Record  and  The  Sanitary  Engineer  by  persons  in  the  employ  of  new  water- 
works indicated  that  a  short  series  of  practical  articles  on  the  Details  of  Con- 
structing a  Water- Works  Plant  would  be  of  value  ;  and,  at  the  suggestion  of 
the  Editor,  the  preparation  of  these  papers  was  undertaken  for  the  columns  of 
that  journal.  The  task  has  been  an  easy  and  agreeable  one,  and  now,  in  a 
more  convenient  form  than  is  afforded  by  the  columns  of  the  paper,  these  notes 
of  actual  experience  are  offered  to  the  water-works  fraternity,  with  the  belief 
that  they  may  be  of  assistance  to  beginners  and  of  some  interest  to  all. 

Table  of  Contents. 


CHAPTER  I.— Main  Pipes.— Materials— Cast- 
iron— Cement-Lined  Wrought  Iron— Salt- 
Glazed  Clay— Thickness  of  Sheet-Metal— 
Methods  of  Lining— List  of  Tools— Tool- 
■  Box— Derrick— Calking  Tools— Furnace- 
Transportation— Handling  Pipe— Cost  of 
Caning— Distributing  Pipe. 

CHAPTER  II  —Field  Work.— Engineering  or 
None— Pipe  Plans— Special  Pipe— Laying 
out  a  Line— Width  and  Depth  of  Trench— 
Time-Keeping  Book— Disposition  of  Dirt 
—Tunnelling— Street  Piling. 

CHAPTER  III.— Trenching  andPipe-Laying 
—Caving— Tunnelling— Bell -Holes— Stony 
Trenches— Feathers  and  Wedges— Blast- 
ing-Rocks and  Water— Laying  Cast-Iron 
Pipe— Derrick  Gang— Handling  the  Der- 
rick-Skids—Obstructions left  in  Pipes- 
Laying  Pipe  in  guicksand— Cutting  Pipe. 


CHAPTER  IV.  —  Pipe-Laying  and  Joint 
Making.— Laying  Cement-Lined  Pipe— 
"Mud"  Bell  and  Spigot— Yarn— Lead— 
Jointers— Roll— Calking— Strength  of  Joints 
— Quantity  of  Lead. 

CHAPTER  v.  — Hydrants,  Gates,  and 
Specials. 

CHAPTER  VI.— Service  Pipes.— Definition 
—Materials— Lead  v.  Wrought  Iron— Tap- 
ping Mains  for  Services— Different  Joints 
—Compression  Union— Cup. 

CHAPTER  VII.— Service  Pipes  and  Meters 
—Wiped  Joints  and  Cup  Joints  — The 
Lawrence  Air-Pump— Wire-drawn  Solder 
—Weight  of  Lead  Service  Pipes— Tapping 
Wrought -Iron  Mains  — Service  Boxes— 
■•Metets. 


Handsomely  Bound  in  Cloth. 

Sent  (post  paid)  on  receipt  of  10s.  Address:— 
Book  Department, 

THE  ENGINEERING  AND  BUILDING  RECORD. 
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HAYWARD  TYLER  &  CO., 

Sanitary  lEnGineers, 

90  &  92,  WHITECROSS  STREET,  LONDON,  E.C. 

Telegrams:  "TYLEROX."  Telephone  192. 

PRIZE  MEDALS. 


Water  Closets,  Flushing  Cisterns,  &c. 

HAYWARD  TYLER  &  CO.  have  for  many  years  given  close 
attention  to  the  Manufacture  of  the  best  classes  of  Water  Closets 
and  their  work  has  long  been  known  for  its  excellence. 


ELASTIC  VALVE  CLOSETS. 

Hayward  Tyler  &  Co.  were  the  first  firm  to  produce  these  at  a  price  to 
compete  with  the  objectionable  Pan  Closets.  They  make  them  in  various 
forms,  of  which  the  following  are  the  principal : — 


THE   "WHITECROSS"  CLOSET. 

Compact,  handsome,  and  of  excellent  make.  The  inlet  valve 
can  be  repaired  without  detaching  the  basin.  Decorated  basin  and 
bottom  valve,  copper  bellows  regulator,  and  i  inch  valve,  65/-. 
With  ij  inch  valve,  68/-. 

THE  WHITECROSS  CLOSET,  for  use  with  overhead  cistern 
47/6.  

THE  "A.  B.  C."  CLOSET. 

Adopted  in  the  Retiring  Rooms  of  the  London  Aerated  Bread 
Company. 

Large  white  basin,  with  4  inch  outlet,  white  earthenware  bottom 
valve  dish  and  pull.   For  use  with  overhead  cistern,  70/-. 
With  brass  or  copper  regulator  and  ij  inch  valve,  95/-. 


EXTRA  QUALITY  CLOSET. 

With  bright  fittings,  extra  large  dish  and  pull.  For  overhead 
cistern.  White  basin,  63/-;  decorated  basin,  65/-;  gold  lined,  71/-. 

EXTRA  QUALITY  CLOSET,  as  above,  with  brass  or  copper 
regulator,  and  ij  inch  valve,  92/6. 

If  with  4  inch  outlet,  extra  5/-- 


"SPECIAL"  QUALITY. 

Bright  dish,  glass  handle,  decorated  basin.  For  use 
with  flushing  cistern,  35/-. 

SPECIAL  QUALITY,  as  above,  with  regulator  and 
I  inch  valve,  50/-. 


THE 


TYLEROX"  CLOSET. 


This  is  recommended  as  the  best  and  cleanest  PEDESTAL 
CLOSET  in  the  market.  The  whole  weight  and  force  of  the 
water  is  used  in  cleansing  the  basin. 

Blue  Dragon  pattern,  34/6;  Ivy  pattern,  37/6; 
White,  28/6;  Cane  and  White,  25/. 


PRICE,  15s.  POSTAGE  PAID. 


Steam-Heating  Problems; 

OR, 

Questions,  Answers,  and  Descriptions 

RELATING  TO 

Steam-Heating  and  Steam-Fitting, 


FROM 


THE   SANITARY  ENGINEER. 
With  One  Hundred  and  Nine  Illustrations. 


PREFACE. 

The  Sanitary  Engineer,  while  devoted  to  Engineering,  Architecliire  Con- 
strucUon  and  Sanitation,  has'always  made  a  special  feature  of  .ts  departrnents 
of  Steam  and  Hot-Water  Heating,  in  which  a  great  variety  of  questions  have 
been  answered  and  descriptions  of  the  work  in  various  buildings  have  been 
Sven  The  favour  with  which  a  recent  publication  from  this  olfice,  en  it  ed 
^Plumb  ng  and  House-Drainage  Problems,"  has  been  received  suggested  the 
DubSon  of  "Steam  Heating  Problems,"  which,  though  dealing  with 
L  o  her  branch  of  industry,  is  similar  in  character.  It  cons^ts  of  a  selection 
from  ?he  paoes  of  The  sXmTARY  Engineer  of  questions  and  answers,  besides 
comments^ofv^^^^^^  with  in  the  designing  and  construction  of 

St'am-SLung  a^pLuis,  and  descriptions  of  St.am-Hcating  work  in  notable 

'''"^nls  hoped  that  this  book  will  prove  useful  to  those  who  design,  construct, 
and  have  the  charge  of  Steam-Heating  apparatus. 
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WALTER   MACFARLANE  &  CO., 
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ARCHITECTURAL,  SANITARY,  GENERAL  AND  ENGINEERING 
ART  IRONFOUNDERS— Home,  Foreign  and  Colonial. 

TWO  GOLD  MEDALS,  CALCUTTA  EXHIBITION. 


CONSERVATORIES. 
LAMP  PILLARS. 
SHOP  FRONTS. 
BANDSTANDS. 
TOMB  RAILS. 
VERANDAHS. 
BANNERETS. 
CRESTINGS. 
SPANDRILS. 
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Macfarlane's  Glass  Enamelled  Soil  Pipes 

ARE   IMPERVIOUS  TO   RUST,   HAVE  PERFECTLY  SMOOTH   INTERIORS,  AND  CAN  BE 

SUPPLIED  TESTED  TO  ANY  PRESSURE, 


BATHS-PORCELAIN  ENAMELLED  &  JAPAN  ENAMELLED  IN  EVERY  VARIETY  OF  MARBLE. 

Large  Stocks  kept  to  suit  Prompt  Supply,  and  Specimens  of  Various  Styles- 
Plain  AND  Roman — can  always  be  seen  at  Show  Room. 


FIRST  CLASS  AWARD,  International  Sanitary  Exhibition. 

CONTRACTORS  BY  APPOINTMENT  TO  HER  MAJESTY'S  WAR  DEPARTMENT. 
ILLUSTRATED  CATALOGUE,  PRICE  LIST,  AND  ESTIMATES  ON  APPLICATION. 
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Expansion  of  Pipes  of  Various  Metals. 

Expansion  of  Steam  Pipes. 

Advantages  Claimed  for  Overhead  Piping. 
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Cutting  Lai ge  Nipples.  _ 
Cutting  Various  Sizes  of  Thread  with  a  Solid 
Die. 

RAISING  WATER  AUTOMATICALLY. 

Contrivance  for  Raising  Water  in  High  Build- 
ings. .  . 

Criticism  of  the  Foregoing  and  Description  of 
Another  Device  for  a  Similar  Purpose. 

MOISTURE  ON  WALLS,  &c. 

Cause  and  Prevention  of  Moisture  on  Walls. 
Efiect  of  Moisture  on  Sensible  Temperature. 

MISCELLANEOUS. 

Heating  Water  in  Large  Tanks. 

Heating  Water  for  Large    Institutions  and 
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Questions  Relating  to  Water-Tanks. 
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Pipes. 

Exhaust-Condenser  for  Preventing  Fall  of 
Spray  from  Steam-Exhaust  Pipes. 

Steam-Heating  Apparatus  and  Plenum  (Venti 
lation).  System  in  Kalamazoo  Insane 
Asylum. 

Heating  and  Ventilation  of  a  Prison. 

Amount  of  Heat  Due  to  Condensation  of  Water. 

Expansion-Joints . 

Re-setting  of  House-Heating  Boilers— a  Pos- 
sible Saving  of  Fuel. 

How  to  Find  the  Water-Line  of  Boilers  and 
Position  of  Try-Cocks. 

Low-Pressure  Hot-Water  System  for  Healing 
Buildings  in  England  (Comments  by  The 
Sanitary  Engineer). 

Steam-Heating  Apparatus  in  Manhattan  Com 
pany's  and  Merchants'  Bank  Building, 
New  York, 

Boilers  in  Manhattan  Company's  and  Mer- 
chants' Bank  Building,  with  Extracts  from 
Specifications. 

Steam-Heating  Apparatus  in  Mutual  Lite 
Insurance  Building  on  Broadway. 

The  Setting  of  Boilers  in  Tribune  Building, 
New  York. 

Warming  and  Ventilation  of  West  Presbyterian 

Church,  New  York  City. 
Principles  of   Heating-Apparatus,  Fine  Arts 

Exhibition  Building,  Copenhagen. 
Warming  and  Ventilation  of  Opera  House  at 

Ogdeiisburg,  N.  Y. 
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Austria. 
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ence Between  Two  Systems  Adopted. 

Some  Details  ot  Steam  and  Ventilating  Appar- 
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MISCELLANEOUS  QUESTIONS. 

Applying  Traps  to  Gravity  Steam-Apparatus. 

Exp.insion  of  Brass  and  Iron  Pipe. 

Connecting  Steam  and  Return  Risers  at  Iheir 
Tops. 

Power  Used  in  RunningHydraulic  Elevators 
On  Melting  Snow  in  the  Streets  by  Steam. 
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Arrangement  of  Steam-Coils  for  Heating  Oil- 
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Sewage  Treatment 


AND 


Sludge  Disposal, 


W.  SANTO  CRIMP,  m.i.c.e.,  f.r.m.s.,  &c. 

Engineer  to  London  County  Council. 
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THE  "  SHAW  PATENT  GAS  GOVERNOR 


FOR  CONSUMERS. 
Is  admitted  by  Gas  Engineers  to  iiave  no  equal. 


Thomas  Newbigging,  Esq.,  M.Inst.,  C.E.,  says : — "I  pronounce  it  to  be  a 
satisfactory  and  trustworthy  insuunienl  in  every  respect."  The  "  SHAW  " 
is  extensively  used  by  the  Governments  of  Great  Britain,  Austria,  and 
!•  Belgium,  Railway  Companies,  Corporations,and  Gas  Consumers  everywhere. 
I  

TSIE  •'SHI.A.'W" 

PATENT  REFLECTOR  GAS  LIGHT 

Is  Simple, Efficient,  Durable,  aud  Cheap.  Gives  a  Pure  and  Brilliant  Liglit, 

Is  suitable  for  all  the  ordinary  purposes  of  Gas  Lighting,  and  easily  applied  to  existing  Gas  Fittings.  It 
is  made  in  a  great  variety  of  artistic  designs  suitable  for  every  class  of  Building,  Public  or  Private. 


"HEALTH  "  WATER  PIPE 


(WALKER'S  PATENT). 

An  ideal  Water  Pipe  which  should  be  used 
everywhere  to  the  exclusion  of  lead.  No  le,ad 
poisoning  when  "  Health  "  Pipe  is  used.  Repairs 
reduced  to  a  minimum.  Tested  to  a  pressure  of 
2,000  lbs.  per  square  inch.  "  Health  "  Pipe  is 
attracting  much  attention,  and  being  largely  used. 

WRITE  FOR  PARTICULARS  &  SAMPLE. 


Full  Catalogue,  containing  niimerotis  Designs,  sent  free  on  application.    Good  Terms  to  the  Trade. 

JOSEPH    SHAW,  Albert  Works,  Lockwood,  HUDDERSFIELD. 


LONDON : 
41,  Hart  Street,  New  Oxford  Street,  W.C. 


MANCHESTER:  \ 
5,  Exchange  Arcade,  Deansgate.  | 


LIVERPOOL: 
157,  Dale  Street. 


"  PRACTICAL  HINTS  ON  GAS  "  free  on  receipt  of  Business  Card  and  one  Penny  Stamp  for  Postage. 


DAUPIUIFMITQ     Their  Construction  and  Mainten- 
rHYCmCniO     ^nce.       Reprinted    from  THE 
AND  ENGINEERING  RECORD. 

D  n  A  n  O  Compiled  by  E.  G.  Love,  Ph.D. 

It  U  H  U  0  J  This  book  is  a  compilation  of 

articles  which  have  appeared  in 
recent  volumes  of  The  Engineering  Record,  edited  with 
a  view  of  eliminating  whatever  was  of  timely  or  local  in- 
terest, and  arranged  by  divisions  for  convenience  of  use. 
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PLUMBING  PRACTICE. 

By  J.  WRIGHT  CLARKE,  M.S. I.,  Plumber, 

First  National  Honours  Medalist  for  Plumbers'  Work,  1881 ;  Lecturer  on  Technical  and  Instructor 
of  Practical  Plumbing  at  the  Polytechnic,  London,  R.P. 

Extract  from  Preface, 

"  This  Treatise  on  Plumbing  Practice  contains  the  subject-matter  of  a  series  of  paper  con- 
tributed to  the  "  Engineering  AND  Building  Record  "  in  1883-84-85-86-87-88.  The  papers  are 
now  re-arranged,  and,  to  some  extent,  re-written  and  added  to,  with  a  view  to  presenting  them  in  a 
more  complete  form  

"  In  the  hope  that  this  work  may  in  a  measure  supply  a  want  to  some  who  have  either  practical 
or  technical  training,  but  lack  the  combination,  it  is  offered  to  the  author's  fellow-workers." 
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PATENT  PARAGON  PIPES, 

(Under  License  of  Patent  Paragon  Pipe  Company,  London,) 

SOUND  JOINTS,  TRUE  ALIGNMENT  OF  INVERT  &  FIRM  BED, 
Cheapest  in  First  Cost  and  Maintenance. 

The  patent  PARAGON  PIPES  are  made  with  varying  depths  of  socket.  A,  B,  and  C,  to  secure  efficient  Sewerage  and 
Drainage  at  the  lowest  cost.  The  joints  are  made  with  Clay  or  Cement,  in  the  ordinary  manner.  A  roll  ot  clay  or  fillet  of 
Cement  is  laid  in  the  lower  half  of  the  socket  ;  the  spigot  is  then  inserted,  and  with  a  downward  pressure  forces  the  Clay  or 
Cement  to  fill  up  and  make  water-tight  the  lower  half  of  the  joint  ;  then  fill  in  the  upper  part  and  finish  in  the  usual  manner 

The  sockets  of  A  are  of  ordinary  depth  for  ordinary  drainage. 

The  sockets  of  B  are  deeper  than  those  ot  A  to  make  secure  joints. 

Below  is  a  section  of  C  with  ex  Ira  deep  sockets  for  making  reliable  gas  and  water-tight  Joints  to  stand  pressure 


As  the  requirements  of  Sewerage  and  Drainage  are  variable,  it  will-depend  on  circumstances  which  of  the  above 
orms  it  is  most  advisable  to  use.  For  ordinary  drainage,  A  will  answer  every  requirement,  at  the  lowest  cost.  In  cases 
where  it  is  necessary  to  secure  reliable  gas  and  water-tight  joints,  then  B  should  be  used.  For  special  work  or  where 
pressure  has  to  be  resisted,  it  will  be  advisable  to  specify  C. 

When  specifying,  the  name  should  always  be  given  in  full,  as — Patent  Paragon  Pipes,  A,  B,  or  C,  according  to  the 


The  advantages  possessed  by  the  Patent  Paragon  Pipes  over  others  will  be  realized  at  once  on  reference  to  the  section 
above  of  the  Ordinary  Socket  Pipes,  which  clearly  shows  their  well-known  defects.  The  sockets  being  concentric  with  the 
pipe,  and  of  much  greater  diameter,  the  spigots  drop  and  the  ledges  formed  stop  the  solids,  and  liquid  sewage  and  sewer 
gas  escape  at  the  open  joints. 

The  Patent  Paragon  Pipes  remedy  the  defects  of  the  Ordinary  Socket  Pipes,  and  secure  true  alignment  of  the 
invert  at  the  Joints,  thereby  avoiding  silting  and  stoppage  of  drains.  They  are  highly  approved,  and  should  be 
specified  in  all  cases  to  secure  economy  and  efflciency  in  drainage  ^'  'he  lowest  cost. 

SOLE    MANUFACTURERS    FOR    THE    UNITED    KINGDOM  OF 

SYKES'  PATENT  JOINT  PIPES 

For  making  WATER-TIGHT  JOINTS  in  water-logged  ground.    These  can  be  laid  and  jointed  when  entirely  submerged 
in  water.         For  Prices,  Samples,  dc,  apply  to  the  Company, 
ALBION   WORKS,   WOODVILLE,    BURTON-O  N-TRENT. 

Works  Telegrams— "  ALBION,  WOODVILLE." 

London  Depot !— MIDLAND  EAILWAY  NEW  GOODS  STATION,  EUSTON  KOAD,  ST.  PANGEAS. 

Chief  London  Office  :-I8,  NEW  BRIDGE  STREET,  BLACKFRIARS,  E.G. 

Telegrams-"  SEWERAGE,    LONDON."         Telephone  2958. 
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PURE  RAIN  WATER. 

THE  RAIN-WATER  SEPARATOR 

Prevents  the  first  of  the  rainfall  passing  into  the  tank. 
It  cants  and  stores  water  when  the  roof  has  been 
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Price  from  £3  to  £5. 

C.  6.  ROBERTS,  Haslemere,  Surrey. 
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NON-CONDUCTING    HAIR  FELT, 

In  long  Lengths  and  in  Sheets. 

HAIR  FELT,  with  CANVAS  BACKING, 

FOR  PROTECTING  WATER  PIPES  FROM  FROST. 

Made  in  Lengths  25  feet  long  by  4  inches  wide.       Price  4d.  per  square  foot. 

Easily  Applied,  Effective,  and  Neat  in  Appearance,  ^^a^^ 
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WATER -WASTE  PREVENTION 

Its  Importance  and  the  Evils  Due  to  its  Neglect. 

With  an  account  of  the  Methods  adopted  in  various  Cities  in  Great  Britain  and 

the  United  States. 

By   HENRY   C.  MEYER, 
Editor  of  The  Engineering  and  Building  Record. 

With  an  Appendix. 


Extract  from  Preface. 
During  the  summer  of  1882  the  Editor  of  The  Sanitary  Engineer  carefully 
investigated  the  methods  employed  in  various  cities  in  Great  Bntam  for  curtailing 
thrS  of  water  without  subjecting  the  respective  commumties  to  either  incon - 
venienS  or  a  HmiLT  allowance.    The  results  of  this  investigation  appeared  m  a 
lerieT^f  aTticles'^nmii"  New  York's  Water  Supply,"  the  P-^P^se^^^^^  to^^^^^ 
to  the  readers  of  The  Sanitary  Engineer  such  facts  as  would  stimulate  public 
SnUrnfin  Lpport  of  the  enforcement  of  -fasures  tending  to  prevent  the 
wacjtp  of  water  so  nrevalent  in  American  cities,  and  especially  in  the  city  ot  JNew 
S    wS  was^thln  suffering  from  a  short  supply.    Numerous  requests  for 
inform^ion    together  with   the  recent  popular  agitation  in  connection  with  a 
proposS'to  r^^^^^^^^^^^         powers  of  .the  Water  Department  of  ^ew  York  O^^^ 
with  a  view  to  enabling  it  to  restrict  the  waste  of  water,  have  suggested  tne 
deJLbill  rof  reprSI  these  articles  in  a  more  convenient  and  accessib  e  form, 
tl  rdatfgivtg  t'kTSts  of  efforts  in  this  direction  in  American  cities  smce  the 
Trticle  first  appeared,  so  far  as  they  have  come  to  the  author's  notice. 

Table  of  Contents. 


CHAPTER   I.— Condition    of  New  York  s 
Water  Supply.— Mr.  Thomas  Hawksley 
on    Advantages   of  Waste  -  Prevention — 
Condition  of  Water  Supply  in  England 
Thirty  Years  Ago— Means  Adopted  to  Pre- 
vent Waste  in  Great  Britain— Norwich,  the 
First  City  in  England  to  Adopt  Measures  ot 
Prevention— London  :  the  Practice  There. 
CHAPTER  II.  — Glasgow.  — District  Meters 
Tried    as    an    Experiment  —  Results  ot 
Experiments  —  Prevalence    of  Defective 
Fittings— Testing  and  Stamping  of  Fittings 
—Rules  Governing  Plumbers'  Work. 
CHAPTER  III.  — Manchester.  — History  of 
Waste-Prevention  Measures— Methods  ot 
House  -  to  -  House   Inspection  —  Duties  ot 
Inspectors  —  Methods    of    Testing  and 
Stamping  Fittings. 
CHAPTER  IV.— Liverpool.  — Change  from 
Intermittent  to  Constant  Supply— Method 
of  Ascertaining  Locality  of  Waste  by  Use  of 
District  Meters— Method  of  House  Inspec- 
tion—Method of  Testing  Fittings. 
CHAPTER  v.— Providence  and  Cincinnati. 
—Review  of  Measures  to  Prevent  water- 
Waste  in  the  United  States  prior  to  1882— 
Providence  R.I.  :    Results   lollowing  the 
General  Use  of  Meters— Cincinnati;  Methods 
of  House  Inspection  with  the  Aid  of  the 
Waterphone— Results  Attained. 


CHAPTER  VI.-New  YoRK.-Measures  Adopted 
by  the  Department  of  Public  Works  prior 
to  1882. 

CHAPTER  VII.  — General  Conclusions.— 
Points  to  be  considered  in  Adopting 
Measures  for  Large  Cities. 

APPENDIX.— Points  suggested  in  the  con- 
sideration OF  various  Methods.— Water- 
Waste  Prevention  in  Boston  in  1KS3  ana 
1884— Results  Attained— Waste-Prevention 
in  New  York  City— Liverpool  Corporation 
Water-Works  Regulations— Glasgow  Cor- 
poration Water  -  Works  Regulations  - 
Description  of  Standard  Fittings-Penalties 
for  Violations— Cistern  v.  Valve-Supply  to 
Water-closets  in  New  York  City— New 
York  Board  of  Health  Regulations  concern- 
ing Water-Supply  to  Water-Closets— Letters 
to  Water-Works  Authorities  sustaining  the 
action  of  the  New  York  Board  of  Health  in 
Requiring  Cistern-Supply  1°  Water-Closets 
—Extracts  from  Report  of  Boston  City 
Engineer  on  Wasteful  Water-Closets- Pro- 
posed Waler-Rates  on  Water-Closets  in 
New  York-Resolutions  of  the  New  York 
Board  of  Health  endorsing  the  proposed 
Water  Rates  for  Water-Closets-Excerpts 
from  Articles  explaining  ,Methods  ot 
Arranging  Water-Supply  to  Water-Closets 
to  secure  the  Minimum  Water-Rate  in  New 
York  (with  illustrations). 


Large  Bvo.    Bound  in  Cloth,  5/- 
%•  Sent  (post  paid)  on  receipt  of  price.    Address  :— 
Book  Department, 

THE  ENGINEERING  RECORD, 

92  and  93,  Fleet  Street,  London,  E.G. 


DRAIN  TESTING. 
PAIN'S  SMOKE  CASES. 

Price— 6s.  per  Dozen,  or  60s.  per  Gross. 

Acknowledged  by  all  the  principal  authorities  to  be  the  most 
simple,  cheap,  and  perfect  test. 

The  Smoke  Cases  burn  about  15  minutes,  and  emit  a  dense  volume  of  pungent  smoke  thus 
combining  the  double  test  of  sight  and  smell. 

Manufactured  only  and  solely  by 

JAMES  PAIN  &  SONS,  9,  ST.  MARY  AXE,  LONDON,  E.G. 

Lists  post  free  on  application. 


PUBLISHER'S  ANNOUNCEMENT. 


Readers  who  feel  friendly  towards  this  publication,  will  be 
conferring  a  favour  if  they  mention  its  name  when  com- 
municating with  advertisers  in  its  pages. 


CERTIFICATES 
and 

MEDALS  AWARDED. 


SANITARY 

RAINWATER  PIPES. 


Telegrams : — 

"PERFECTUM," 

BOLTON. 


Open  Section, 
Hlioivin»  xihllnir  Socket. 
This  4  by  :!  Ornament nl  Pipe 
pro.lectR  3)-ln§. 


Gregson's  "  PERFECTUM  "  has  no  Equal 


'T'HE  advantages  of  GregBon's  "  Perfeotum  "  far 
-L  excel  those  of  any  other  Patent  Stack  Pipe  yet 
_  invented  for  simplicity  in  fixing  and  discon- 
necting when  a  defect  occurs,  thus  preventing  damage 
and  disfigurement  to  vcalls  inside  and  outside.  This 
fall  pipe  projeotB  for  painting  behind,  and  keeps 
walls  dry.  The  patent  ears  or  lugs  are  oast  on, 
and  the  pipe  is  perfect  and  complete  in  one  casting. 
It  requires  nothing  but  two  galvanized  nails  to 
hang  upon. 

The  long  7-in.  socket  saves  much  time  in  fixing 
these  pipes,  as  they  will  slide  to  three  brick  joints, 
there  being  no  need  of  drilling  and  plugging  or 
cutting  of  pipes. 

The  "Perfeotum"  Rainwater  Pipes  are 
removable,  the  nail  holes  being  slotted  as  shown, 
they  can  be  lifted  over  the  nail  heads,  which  are 
first  driven  into  a  wall  joint ;  within  J-in.  of  the  head, 
and  the  pipes  simply  hang  thereon. 

The  long  7-in.  socket  also  facilitates  the  easy 
removal  of  these  pipes,  by  being  able  to  slide  out 
niiddle  lengths,  without  removing  the  nails  or  other 
pipes  when  a  leakage  occurs. 


Write  for  Illustrated  Price  List,  and  see  Architects' 
Compendium  for  same.. 

Patentee  and  Manufacturer— 

I.   GREGSON,   Bath  St., 

BOLTON,  LANCASHIRE. 


FOR 

Easy  lixini;, 
simplicity  anil  qnallty. 


Konnil  ripc.<4  pi-ojccl  l-ln. 


Plumbing  &  House-Drainage  Problems; 

OR, 

Questions,  Answers,  and  Descriptions  from  The  Sanitary  Engineer. 


With  1+2  Illustrafioits. 


[From  the  Preface.] 
"A  feature  of  The  Sanitary  Engineer  is  its  replies  to  questions  on  topics 
that  come  within  its  scope,  included  in  which  are  Water-Supply,  Sewage  Dis- 
posal, Ventilation,  Heating,  Lighting,  House-Drainage,  and  Plumbing.  Repeated 
inquiries  concerning  matters  often  explained  in  its  columns  suggested  the  desir- 
ability of  putting  in  a  convenient  form  for  reference  a  selection  from  its  pages 
of  questions  and  comments  on  various  problems  met  with  in  house-drainage  and 
plumbing,  improper  work  being  illustrated  and  explained  as  well  as  correct 
methods  It  is  therefore  hoped  that  this  book  will  be  useful  to  those  interested 
in  this  branch  of  sanitary  engineering." 


Table  of  Contents : 


DANGEROUS  BLUNDERS  IN  PLUMBING. 

Running  Vent  Pipe  in  Improper  Places- 
Connecting  Soil  Pipes  with  Chimney-Flues 
—By-Passes  in  Trap-Ventilation,  &c.  Illus- 
trated. 

A  Case  of  Reckless  Botching.  Illustrated. 

A  Stupid  Multiplication  of  Traps.  Illustrated. 

Plumbing  Blunders  in  a  Gentleman's  Country 
House.  Illustrated. 

A  Trap  Made  Useless  by  Improper  Adjust- 
ment of  Inlet  and  Outlet  Pipes.  IlUistrated. 

Unreliability  of  Heated  Flue  as  a  Substitute 
for  Proper  Trapping.  Illustrated. 

Need  of  Plans  in  Doing  Plumbing- Work, 

HOUSE-DRAINAGE. 

City  and  Country  House-Drainage— Removal 
of  Ground-Water  from  Houses— Trap- 
Ventilation— Fre  h-Air  Inlets— Drain- Ven- 
tilation by  Heated  Flues— Laying  of  Stone- 
ware Drains. 

Requirements  for  the  Drainage  of  Every  House. 

Drainage  of  a  Saratoga  House.  Illustrated. 

Ground-Water  Drainage  of  a  Country  House. 
Illustrated. 

Ground-Water  Drainage  of  a  City  House. 
Illustrated. 

Fresh-Air  Inlets.  . 
The  Location  of  Fresh-Air  Inlets  in  Cities. 

Illustrated. 
Fresh-Air  Inlets.  Illustrated. 
Air-Inlets  on  Drains.  . 
The  Proper  Way  to  Lay  Stoneware  Drains. 
Risks  Attending  the  Omission  of  Traps  and 

Relying  on  Drain-Ventilation  by  Flues. 

Illustrated. 
The  Tightness  of  Tile-Drains. 
Danger   of  Soil    Pipe   Terminals  Freezing 

unless  End?  are  without  Hoods  or  Cowls. 
Objection   to   Connecting  Bath-Waste  with 

Water-Closet  Trap. 
How  to  Adjust  the  Inlets  and  Outlets  of  Traps. 

Illustrated.  .,  „.     .  j 

How  to  Protect  Trap  when  Soil  Pipe  is  used 

as  a  Leader. 
Sire  of  Ventilating  Pipes  for  Traps. 
How  to  Prevent  Condensation  Filling  Vent 

Pipes. 
Ventilating  Soil  Pipes. 

How  to  Prevent  Accidental  Discharge  into 

Trap  Vent  Pipe. 
Why  Tr«ps  ihould  be  Vented. 


MISCELLANEOUS. 


through   a  Bath-Supply. 
Capillary  Attraction. 


by 


Syphoning  Water 

Illustrated. 
Emptying  a  Trap 
Illustrated. 

As  to  Safety  of  Stop-Cocks  on  Hot  Water 
Pipes. 

How  to  Burnish  Wiped  Joints. 

Admission  to  the  New  York  Trade  Schools. 

Irregular  Water  Supply.  Illustrated. 

Hot  Water  from  the  Cold  Faucet,  and  how 
to  Prevent  it.  Illustrated. 

Disposal  of  Bath  and  Basin  Waste  Water. 

To  Prevent  Corrosion  of  Tank  Lining. 

Number  of  Water-Closets  Required  in  a  fac- 
tory. 

Size  of  Basin  Wastes  and  Outlets. 
Tar-Coated  Water  Pipe  Affect  Taste  of  Water. 
How  to  Deal  with  Pollution  of  Cellar  Floors. 
How  to  Heat  a  Bathing  Pool. 
Objections    to    Galvanized   Sheet-Iron  boil 

Pips-  .  „- 

To  Prevent  Rust  in  a  Suction  Pipe. 
Automatic  Shut-Off  for  Gas  Pumping  Engines 

when  Tank  is  Full.  Illustrated. 
Paint  to  Protect  Tank  Linings. 
Vacuum  Valves  not  always  Reliable. 
Size  of  Water  Pipes  in  a  House. 
How  to  Make  Rust  Joints. 
Covering  for  Water  Pipes. 
Size  of  Soil  Pipe  for  an  ordinary  City  House. 
How  to  construct  a  Sunken  Reservoir  to 

Hold  Two  Thousand  Gallons. 
Where  to  Place  Burners  to  Ventilate  Flues 

by  Gas  Jets.  Illustrated. 
How  to  Prevent  Water  Hammer. 
Why  a  Hydraulic  Ram  does  not  Work. 
Air  in  Water  Pipes. 
Proper  Size  of  Water-Closet  Outlets. 
Is  a  Cement  Floor  Impervious  to  Air? 
Two  Traps  to  a  Water-Closet  Objectionable. 
Connecting   Bath   Wastes   to  Water-CloscI 

Traps.  Illustrated. 
Objections  to  Leaching  Cesspool  and  need  ot 

Fresh-Air  Inlet.   ,„  r~  u 

The  Theory  of  the  Action  of  Field  s  Syphon. 

How  to  Disinfect  a  Cesspool. 

Drainage  into  Cesspools. 

Slabs  for  Pantry  Sinks— Wood  v.  Marble. 

Test  for  Well  Pollution. 

Cesspool  for  Privy  Vault. 

Corrosion  of  Lead  Lining. 


Size  of  Flush  Tank  to  deal  with  Sewage  of 

a  Small  Hospital. 
Details  of  the  Construction  of  a  House  Tank. 

Illustrated. 

The  Construction  of  a  Cistern  under  a  House. 
To  protect  Lead  Lining  of  a   Tank,  and 

Cause  of  Sweating. 
Stains  on  Marble. 
Lightning  Strikes  Soil  Pipes. 
Will  the  Contents  of  a  Cesspool  Freeze  ? 
Bad  Tasting  Water  from  a  Coil,  Illustrated. 
How  to  fit  Sheet-Lead  in  a  Large  Tank. 
Why  Water  is  "  Milky  "  When  First  Drawn. 
Material  for  Water  Service  Pipes. 
Carving  Tables.  Illustrated. 
Is  Galvanized  Pipe  Dangerous  for  Soft  Spring 

Water. 

How  to  Arrange  Hush  Pipes  in  Cisterns  to 
Prevent  Syphoning  Water  Through  Ball 
Cock. 

Depth  of  Foundations  to  Prevent  Dampness 
of  Site. 

Where  to  Place  a  Tank  to  get  Good  Dis- 
charge at  Faucet. 

Self-Acting  Water-CIosets.  Illustrated. 

Wind  Disturbing  Seal  of  Trap. 

How  to  Draw  Water  from  a  Deep  Well. 

Cause  of  Smell  of  Well  Water. 

Absorption  of  Light  by  Gas  Globes. 

Defective  Drainage.  Illustrated. 

Fitting  Basins  to  Marble  Slabs.  Illustrated. 

Intermediate  Tanks  for  the  Water  Supply  of 
High  Buildings.  Ilhistrated. 

How  to  Construct  a  Filtering  Cistern.  Illus- 
trated. 

Objections  to  Running  Ventilating  Pipe  into 

Chimney-Flue. 
Size  of  Water   Supply  Pipe  for  Dwelling- 

House. 

Faulty  Plan  of  a  Cesspool.  Illustrated. 
Connecting  Refrigerator  Wastes  with  Drains. 
Illustrated. 

Disposing  of  Refrigerator  Wastes.  Illustrated. 
Pumping  Air  from   Water-Closet  into  Tea 

Kettle  as  Result  of  Direct    Supply  to 

Water-CIosets.  Illustrated. 
Danger  in  Connecting  Tank  Overflows  with 

Soil  Pipes. 
Arrangement  of  Safe  Wastes.  Illustrated. 
The  Kind  of  Men  Who  do  not  Like  the 

Sanitary  Engineer. 
What  is  Reasonable  Plumbers'  Profit. 

HOT-WATER  CIRCULATION  IN  BUILD- 
INGS. 
Bath  Boilers.  Illustrated. 
Setting  Horizontal  Boilers.  Illustrated. 


How  to  Secure  Circulation  Between  Boilers 

in  Different  Houses.  Illustrated. 
Connecting  One  Boiler  with  Two  Rangea 
Illustrated. 

Taking  Return  Below  Boiler.  Illustrated, 
Trouble  with  Boiler. 

An  Ignorant  Way  of  Dealing  with  a  Kitchen 

Boiler.  Illustrated. 
Returning    into    Hot   Water    Supply  Pipe. 

Ilhistrated. 

Where  should  Sediment  Pipe  from  Boiler  be 

connected  with  Waste  Pipe? 
Several  Flow  Pipes  and  one  Circulation  Pipe. 

Illustrated. 

How  to  run  Pipes  from  Water  Back  to 
Boiler.  Illustrated. 

Hot-Water  Circulation  when  Pipes  from 
Boiler  pass  under  the  Floor.  Illustrated. 

Heating  a  Room  from  Water  Back. 

The  Operation  of  Vacuum  and  Safety  Valves. 
Illustrated. 

Preventing  Collapse  of  Boilers. 

Collapse  of  a  Boiler.  Illustrated. 

Explosion  of  Water  Backs. 

A  Proposed  Precaution  against  Water  Back 
Explosions.  Illustrated. 

The  Bursting  of  Kitchen  Boilers  and  Con- 
necting Pipes.  Illustrated. 

Giving  out  of  Lead  Vent  Pipes  from  Boilers 
in  an  Apartment  House.  Illustrated. 

Connecting  a  Kitchen  Boiler  with  One  or 
more  Water  Backs.  Illustrated. 

New  Method  of  Heating  Two  Boilers  by  One 
Water  Back.  Illustrated. 

Plan  of  Horizontal  Hot  Water  Boiler,  Illus- 
trated. 

HOT  WATER  SUPPLY  IN  VARIOUS 
BUILDINGS. 

Kitchen  and  Hot- Water  Supply  in  the  Resi- 
dence of  Mr.  W.  K.  Vanderbilt,  New 
York.  Illustrated. 

Kitchen  and  Hot-Water  Supply  in  the  Resi- 
dence of  Mr.  Cornelius  Vanderbilt,  New 
York.  Illustrated. 

Kitehen  and  Hot-Water  Supply  in  the  Resi- 
dence of  Mr.  Henry  G.  Marquand,  New 
York.  Illustrated. 

Kitchen  and  Hot-Water  Supply  in  the  Resi- 
dence of  Mr.  A.  J.  White.  Illustrated. 

Hot-Water  Supply  in  an  OfSce  Building, 
Illustrated. 

Kitchen  and  Hot-Water  Supply  in  the  Resi- 
dence of  Mr.  Sidney  Webster.  Illustrated. 

Plumbing  and  Water  Supply  in  the  Residence 
of  Mr.  H.  H.  Cook.  Illustrated. 


Large  8vo.  Cloth,  los.  post  paid. 
Address,  Book  Department, 

THE  ENGINEERING  AND  BUILDING  RECORD, 

$2  and  93,  Fleet  Street,  London. 


Books  on  Municipal  Engineering. 


(Sent  Post-paid  on  Receipt  of  Price.) 


PAVEMENTS  AND  ROADS;  Their  Con- 
struction AND  Maintenance.  Reprinted 
from  The  Engineering  and  BuiI-ding 
Record.   Large  8vo.,  pp.  410,  Cloth  ...  25s. 


WATER-WASTE  PREVENTION;  Its  Impor- 
tance, AND  THE  Evils  Due  to  Its 
Neglect.  —  By  Henry  C.  Meyer,  Editor, 
The  Engineering  and  Building  Record. 
Svo.  Cloth    5S. 


SOME  DETAILS  OF  WATER-WORKS  CON- 
STRUCTION.—By  William  R.Billings,  late 
Supt.  Taunton  Water  Works.— With  illus- 
trations from  sketches  by  the  author.  8vo., 
cloth   los- 


WATER-WORKS  DIAGRAMS;  A  Collec- 
tion OF  Diagrams  Representing  the 
General  Plan  of  Twenty-Six  Different 
New  England  Water-Works.  —  Contri- 
buted by  members  of  the  N.E.  Water-Works 
Association    los. 


INDEX  TO  PUBLIC  WATER  SUPPLIES; 
Their  Collection;  Storage;  Distribu- 
tion; Engineering;  Plant;  Purity  and 
Analysis — A  Digest  and  Index  to  Volumes 
v.— XVIII.,  of  The  Engineering  and 
Building  Record  |(Prior  to  1887,  The 
Sanitary  Engineer).— Cloth   5s. 


INDEX  TO  MATTER  PERTAINING  TO 
SEWERAGE  AND  SEWAGE  DISPOSAL. 
—In  Volumes  V.— XVII.,  Dec,  i88i  to  June, 
1888,  of  The  Engineering  and  Building 
Record  (prior  to  1887,  The  Sanitary 
Engineer)  Cloth   5s 


Address— Book  Department, 

THE  ENGINEERING  AND  BUILDING  RECORD  (NEW  YORK), 

92  and  93,  Fleet  Street,  London,  E.G. 


Standard  Books  on  Heating  and 
Ventilation. 

(Sent  Post-paid  on   Receipt  of  Price.) 


STEAM  HEATING  PROBLEMS  ;  or.  Ques- 
tions, Answers  and  Descriptions  relat- 
ing to  Steam  Heating  and  Steam  Fitting. 
—Reprinted  from  The  Engineering  and 
Building  Record.— Large  Svo,  Cloth,  pp. 
824, 109  Illustrations   15s- 

HOT-WATER  HEATING  AND  FITTING.— 
A  Treatise  on  the  Practice  of  Warming  by 
Hot-Water.—  Modern  Methods  Described 
and  Explained.— By  William  J.  Baldwin, 
M.  E.,  M.  Am.  Soc.  C.  E.— Large  8vo,  pp. 
392.— Cloth,  Fully  Illustrated.  :   20J. 


STEAM  HEATING  FOR  BUILDINGS.— By 
William  J.  Baldwin,  M.  E.,M.  Am.  Soc.  C.  E., 
—A  Book  for  Architects  and  Steam  Fitters.— 
Eleventh  Edition.— Small  Svo,  pp.  232, 12s.  6d. 


THE  PRINCIPLES  OF  VENTILATION  AND 
HEATING  AND  THEIR  PRACTICAL  AP- 
PLICATION.—By  John  S.  Billings,  M.D., 
LL.D.  (Edinb.),  Surgeon,  U.S.A.— Large  Svo 
Cloth,  pp.  21G    15s 


Address -Book  Department, 

THE  ENGINEERING  AND  BUILDING  RECORD  (NEW  YORK), 

92  and  93,  Fleet  Street,  London,  E.C. 


V 


I 


t 


